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I.  SUMMiRY 

A.  This  quarterly  sumnary  covers  research  work  conducted  in  partial 
fulfillment  of  Contract  h7onr-io62.  Task  Order  I,  during  the  period  26  November 
1951  to  15  February  1952,^ 

B,  The  Bore  important  results  and  conclusions  of  the  work  repoi^ed 
are  presented  below, 

1,  A program  has  been  initiated  to  study  the  chain-transfer 
characteristics  of  vinyl  monaaers  containing  nitro  groups  and  aliphatic  nitro 
groups  generally.  Preliminary  results  indicate  that  the  trinitrooethyl  group 
has  very  strong  chain-transfer  tendencies, 

2,  The  kinetics  of  polymerization  for  pentaerythritol  acrylate 
trinitrate  hCVB  been  studied  dilatometrically  at  30,  hO,  and  50°C,  The  rate 
constants  at  these  te&q>eratures  have  been  determined  and  the  activation  energy 
of  the  reaction  ha«  been  calculated, 

3«  It  has  been  found  that  boron  trifluoride  etherate  is  a 
catalyst  for  polyurethane  formation.  However,  increasing  catalyst  concentra- 
tion causes  decreasing  molecxilar  weight,  in  a nonlinear  manner.  The  mechanism 
of  the  reaction  appears  to  be  complex  and  has  not  yet  been  clarified, 

U,  Ccwitinued  attempts  to  substitute  cellulose  and  polyvinyl 
alcohol  oy  means  of  trinitrobutyric  acid  or  trinitropropyl  isocyanate  have 
not  been  successful.  Accordingly,  this  work  will  be  discontinued, 

5*  Further  attonpts  to  prepare  hi^  polymers  of  glycidyl 
U,U,U-trinitrobutyrate  have  not  been  successful.  New  work  cn  the  polymeriza- 
tion of  nitro  epoxides  will  be  concentrated  on  compounds  of  lower  molecular 
wei^. 


6,  Three  new  nitro  polyurethanes  have  been  prepared  and 
successfully  postnitrated.  These  polyurethanes  are  prepared  frco 

3, 3, 5#7,7-pentanitro-l, 9-nonane  diisocyanate  auid 
2 , 2-dinitro-l, 3-propanediol 

b,  3 *>^nitro-l, 5-pentane  diisocyanate  and  h,U,6,8,6- 
pentanitro-1 , U-undecanediol 

c,  3, 3-dinitro-l, 5-pentane  diisocyanate  and  h,li,6,6,8,8- 
hexanitro-1 , 11-undecanediol, 


^Previous  work  on  this  contract  was  covered  in  Aerojet  Reports  No,  330,  ?,U5> 
371,  386,  386A,  Uoh,  al6,  Ul7,  Ul7A,  U2b,  li57,  I46I,  U68,  U82,  U9U,  li99,  515. 
51iC,  and  563* 
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7»  It  nas  found  that  thertoal  stabilities  of  nitro  polyners  nay 
be  greatly  improved  by  a thorough  bicarbonate  washing. 

8.  The  solubility  parameter  of  2, 2-dinitro-l, 3-propanediol  has 
been  determined  from  its  solubility  in  acetone,  methanol,  and  ethanol. 

9.  The  specific-iamulse  table  for  condensation  polymers,  first 
presented  in  Aerojet  Report  No.  5U0.  has  been  revised  and  greatly  expanded. 

10.  Creep  measurements  have  been  made  on  molded  sheets  of 

polyurethane  and  polyurea  the  creep  curves  are  presented, 

11.  Burning-rate  studies  in  the  Crawford  bomb  have  been  conducted 
on  polyurethane  I-A.  At  1000  lb  and  60^  the  burning  rate  was  found  to  be 
O.iuU  in./sec* 

12.  A rapid  method  has  been  found  for  the  preparation  of  esters 
of  nitro  alcohols,  by  conducting  the  reaction  in  concentrated  sulfuric  acid. 
However,  the  yields  are  generally  lower  than  those  obtained  by  the  standard 
procedure. 


13.  Work  has  been  conducted  on  the  purification  of  2.2-dinitro- 
butyl  acrylate  so  as  to  obtain  a noriooer  with  reproducible  charactcrtstics. 

The  purified  material  now  gives  good  high-molocular-weight  polymer  which  is 
soluble  in  solvents  such  as  acetone, 

lU,  The  synthesis  of  c<( 2. 2-dinit ropropyl)  acrylic  acid  has  been 
conpleted.  If  esters  of  this  acid  can  be  polymerized,  many  new  monomers  will 
be  available  as  potential  propellant  ingre^ents, 

1$.  A relatively  safe  method  has  been  developed  for  the  dis- 
tillation of  U.U.U-trinitrobutyryl  chloride  frem  a "carrier  solvent"  in  a glass 
falling-fiJjn  still. 

16,  The  following  new  compounds  Ijave  been  prepared  for  use  as 
intermediates  or  plasticizers: 

a,  bis (5. 5, 5-trinitro-2-keto- 1-pentyl)  carbonate 

b,  bis-chlorofomate  of  L,h,6,8.8-pentanitro-l.ll- 
undecanediol 

c,  1, 2-bin (U,U,l:-trinitrobutyroxy)  ethane 

d,  l,2,3“tri8(U,l4,U-trinitrobutyroxy)  propane 

e,  l,2-bis(U.U.U-trinitrobutyroxy)  propane 

f , 1 . 5-bis  ( U . I4 . U- trinit  robutyroxy)  -3-oxa-^ntane 
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g.  1 , 2-dl&cryloxyp  ropane 

h.  l,5-diacrylo3cy<->*oxapontane 

1.  3-trinltroDethyl  cyclohexanone 

17.  Data  eheete  (SPIA)  have  been  coo9>leted  for  four  nitro 
coB^ounde  previously  prepared  on  the  program. 


II.  TECHNICAL  PROdffiSSt  NITRO  POLTMSRS 
A.  VINTL  FOLIMERS 


1.  Chain-Transfer  Study  of  Nitro  Compounds 
a.  Introduction 

(1)  The  piimary  objective  of  the  nitro  polymer 
program  is  to  produce  an  "ideal”  monopropellant  containing  aliphatic  nitro 
groups.  The  two  approaches  being  pursued  at  present  for  the  preparation  of 
nitro  polymers  are  (1)  condensation  of  appropriate  functional  nitro  monomers 
and  (2)  the  vinyl-type  polymerization  of  unsaturated  nitro  coopoLmds.  Of  the 
latter  type  only  three  monomers  have  been  available  in  sufficient  quantity 
for  study.  It  became  apparent  that  these  monomers  differed  from  other  viivyl 
monomers,  such  as  styrene  and  methyl  methacrylate,  in  the  following  respects: 
(1)  the  polymerization  rates  wore  slower  than  those  observed  for  cocpounds 
which  do  not  contain  nitro  groups;  and  (2)  the  molecular  weights  of  the 
polymers  were  very  low.  This  fact  was  substantiated  by  the  low  molecular 
weights  (detendned  osmotically) , low  intrinsic  viscosities,  and  extreme 
brittleness  of  the  polymers.  Inasmuch  as  polymers  of  very  low  molecular  weight 
usually  possess  undesirable  physical  properties,  it  was  important  to  determine 
the  cause  of  these  characteristics.  This  Infsrmation  must  be  available,  so 
that  either  the  properties  of  these  polymers  may  be  improved,  or  spocifica- 
tions  given  for  the  preparation  of  new  nitro  monomers, 

(2)  Although  explanations  may  be  advanced  for  the 
behavior  described  above,  no  experimental  data  have  been  available  to 
substantiate  them.  However,  by  comparison  with  monomers  which  do  not  con- 
tain nitro  groups,  it  seemed  that  the  nitro  group  was  actively  participating 
in  the  polymerization.  Nitro  aromatic  coo^ounds  are  well  known  as  polymeriza- 
tion inhibitors.  Also,  the  low  molecular  weights  obtained  could  be  explained 
by  assuming  that  the  nitro  group  was  involved  in  chain  transfer  of  the 
polymeric  radical  to  the  monomer.  In  order  to  obtain  a better  understanding 
of  the  polymertzation  of  oleflnic  nitro  monomers,  a program  was  initiated  to 
study  the  chaln-teiminatijig  effects  of  the  nitro  grc^. 
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b.  Discussion 

(1)  So  tl^at  the  problems  involved  aiay  be  more  clearly 
understood,  it  is  appropriate  first  to  discuss  briefly  thp-  fundamental  theories 
of  bulk  and  solution  polymerization.  Studies  by  a number  of  workers  on  radical 
chain-polymarization  of  vinyl  nonooors  have  shown  that  the  facts  are  consistent 
with  the  following  mechanism: ^ . 


where 


cat. 


R. 


R.  ♦ k - 

Rk^.  ♦ k 


k2 


4 Rk^. 


Rkg, 


Initiation  (1) 

Qrowth  (2) 

>RMn.  (3) 


Rkn.  -^Rkp. 


kd 


Termination 


Rk„.  ♦ Rkp,  — ^ Rk„  ♦ Rkp 


(U) 

(5) 


cat.  ■ catalyst 
R.  ■ catalyst  radical 
k • monocner 

Rk^^,  - - - Rkjj,  ■ chain  radical 

(2)  The  kinetic  consequences  of  these  equations  show 
that  the  rate  of  conversion  of  monooer  to  polymer  is  given  by  the  following 
expression: 


-d  [y] 


J/2 


dT 


k2  [C*]  [k]  • ^2  “ 


(6) 


whers 


cone,  of  all  free  radicals 


I 


I 

I 


I 


a 


I ' 


I 


2 

kark  and  Tobolsky,  P^sical  Chemistry  of  Hitdi  Polymeric  Systems  (Interecience 
Publishers,  Inc,,  N.i,,  195OJ, 
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(3)  The  kinetic  chain  length,  V,  is  given  by: 

, . VBlocltY  of  eronth  , M . *^[*‘]  . 

«ioclty  cr  to^tlon  [oat]^^ 

(U)  In  order  to  obtain  a coc^lete  understanding  of 
vinyl  polynariaation  it  i?  necessary  to  introduce  the  concept  of  chain 
transfer  to  monooer  and  to  polymer* 


u*  > u 


RM„H  ♦ H. 


Chain  transfer  to  fflononer  or  to  catalyst  affects  the  number  average  degree  of 
polymerization,  P^.  Chain  transfer  to  polymer  does  not  affect  Pj^,  but 
introduces  branching.  In  cases  of  mono-radical  initiation  and  no  chain 
tiaiisfer  to  catalyst  the  foHoiring  relations  can  be  derived; 


1 . <“0  ♦ Ac  ♦ 


« So 


2kj  [b] 

1 . ’‘m  ^ * ^*4)  ( ii 


1 -1/2  1 

Plots  of  =-  vs  [catj'^  or  =r-  vs  ■ give  the  values  of  at  the  intercept, 
**n  **n  ^ 

The  relative  values  of  and  k^  can  be  determined  from  the  relation 

[.  r ..  1 


■^c  . 

provided  that  k^  [cat3  , the  rate  of  spontaneous  decoqwsition  of  catalyst,  can 
be  determined  by  independent  measurements* 
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(5)  In  order  to  detennine  the  effect  of  the  nltro 
grcnxp  on  the  polymerization  of  vinyl  monomers  which  do  not  contain  nitro  groups, 
it  has  been  decided  to  investigate  the  chain-transfer  abilities  of  certain 
polynitro  ccsqxmndsy  such  as  trinitroethyl  propionate,  1, 1, 1- trinit roethane, 
and  2, 2-dinit ropropane*  The  monomers  selected  are  styrene,  methyl  methacrylate, 
and  vinyl  acetate*  Chain  transfer  of  this  type  can  take  place  by  the  following 
equations  t 


RM^*  ♦ SI ♦ S. 


(13) 


S*  ♦ M ^ SM.  > > SMn*  (lU) 


where 


SZ  ” chain-transfer  agent 
S*  ■ chain-transfer  radical 


Under  these  conditions  the  egression  for  becomes: 

Pjj  • velocity  of  propagation/ velocity  of  terminaticai  ♦ velocity  of 
transfer  to  monomer  ♦ velocity  of  transfer  to  31 


* I^[':*]fs]  * km  [<:*][“] 


(15) 


kjiMl 

’ k3[c^  . krCs]  ♦ kraM 

1 _ ^ 

Pn  ’ 1c2[m]  " ^ k2[M] 


(16) 


(17) 


Plots  of  vs  should  tlierofore  gj.ve  Hrv»B  w»ioee  Intercept  is 


‘n 


(kj^k^)^^^  (ca^^^/k2  ♦ kj,j^k«,  and  wiiose  slope  is  k^k2* 
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(6)  Styrene,  aethyl  methacrylate,  and  vinyl  acetate 
were  selected  because  they  are  fflonooers  containing  both  electron-donating  and 
electron-attracting  groups.  In  addition,  the  literatvire  contains  valuable 

information  from  which  Tjj  can  be  calculated.  Trinitroethyl  propionate  and 
trinltroethane  wore  selected  because  of  their  structural  similarities  to 
trinitroethyl  acrylate  and  methacrylate.  It  was  also  decided  to  study  the 
effect  of  dinitropropane  cm  the  polymariaation  of  the  abovo-oentioned  nonooers. 

(7)  Bquation  (17)  can  be  applied  to  obtain  valuable 
information  on  the  polymerization  of  ordinary  vinyl  mcnomers  in  the  presence 

of  polynitro  additives.  A plot  of  — vs  [j^  /[u]  should  b^  a straij^t  line 

^n 

whose  slope  is  the  ratio  of  the  rate  constant  of  chain  transfer  to 

nitro  coiqxnmd  aM  rate  constant  of  chain  propagation. 

(8)  In  order  to  study  the  chain  transfer  of  tri- 

nitroethyl methacrylate  it  is  proposed  to  study  the  polymerisation  of  this 
monomer  in  a solvent  of  similar  structure,  containing  no  nitro  groups.  An 
ester  such  as  ettyl  propionate  would  be  suitable.  If  this  nitro  monooer 
follows  the  kinetics  of  other  vinyl  monumers  the  rate  given  by  Equation  (6) 
would  be  ejqpected  to  be  valid.  This  equation  predicts  that  the  rate  is 
proportional  to  the  square  root  of  the  catalyst  concentration  and  to  the 
monomer  concentration.  Homever,  since  chain  transfer  to  catalyst  usually  is 
small  enough  to  be  neglected,  and  since  the  solvent  is  inert,  the  average 
degree  of  polyxaerlsation  should  be  independent  of  solvent  concentration. 
This,  means  that  the  first  and  third  terms  in  Bquation  (17)  may  be  neglected; 
the  equation  then  reduces  to  l/^n  * Indeed,  the  degree  of  polymeriza- 

tion in  an  inert  solvent  should  m the  same  as  that  obtained  in  bulk  (using 
the  same  catalyst  concentration,  temperature,  etc.), 

(9)  The  experimental  work  necessary  to  cofofira  the 
above  predictions  wo<ild  consist  of  polymerizing  trinitroethyl  methacrylate  in 
several  sol vent /monomer  ratios  between  0.001  and  2,0.  using  the  same  catslyst 
concentration  (relative  to  monomer).  At  each  [S] /[ifl  ratio  a yield  vs  time 
curve  would  be  plotted  and  the  intrinsic  viscosity  of  each  sample  would  be 
determined.  For  certain  solvent/monomer  ratios  the  catalyst  concentration 
would  then  be  varied  and  the  polymerization  rate  would  be  determined. 

(10)  By  plotting  the  rate  vs  square  root  of  the 
catalyst  concentration  a linear  relationship  should  be  obtained.  Also,  a plot 
of  the  rate  vs  monooer  concentration  shoixld  be  linear. 

(11)  The  data  obtained  from  the  esqperiments  outlined 
above  should  serve  to  define  the  functi'n  of  the  nitro  group  during 
polymerization. 
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c.  Chain  Transfer  of  Trinitroethyl  Propionate 

(1)  Polymerization  of  Styrene  - Discussion 

(a)  Because  of  its  structural  similarity  to 
trinitroethyl  acrylate,  it  was  decided  to  investigate  first  the  effect  of 
trinitroethyl  propionate  on  the  polymerization  of  styrene.  In  order  to  do  so 

it  i»a8  necessary  to  carry  out  sone  preliminary  polymerizations  to  define  * 

approximately  the  effect  of  the  trinitroethyl  propionate  molecule  on  styrene.  I 

The  polymerization  of  styrene  was  carried  out  at  U5°C  for  Uo  hr,  using  methyl  ii  i 

n-amyl  ketone  peroxide  as  catalyst.  The  concentration  of  catalyst  was  kept  j | 

constant  at  2 mol  percent  and  the  amount  of  trinitroethyl  propionate  was  varied  i' ' 

from  0 to  20  mol  percent.  The  data  obtained  are  listed  in  Table  I.  j 

(b)  It  can  be  seen  from  these  data  that  ;l 

practically  co«nplete  inhibition  occurs  at  trinitroethyl  propionate  concentre— 

tions  of  1 mol  percent  or  more.  The  nature  of  the  inhibition  is  questionable, 
since  the  addition  of  trinitroethyl  prt^ionate  to  styrene  gave  an  immediate  j| 

yellow  color.  This  may  have  resulted  from  the  formation  of  some  type  of  |! 

molecular  cooqjlex.  p 

(c)  In  sample  No.  1 (20  mol  percent  trinitro-  > ! 

ethyl  propionate  used)  a crystalline  compound  different  from  the  original  j 

starting  materials  was  obtained.  Elemental  analysis  indicates  that  this 

substance  has  the  enqpirical  formula  Further  efforts  will  be  . i 

made  to  identify  this  substance,  since  it  may  indicate  the  nature  of  the 
reactions  involved. 

(d)  The  intrinsic  viscosities  of  the  polymers 

obtained  are  also  listed.  Examination  of  these  values  shows  that  the  viscosity  j 

increases  as  the  concentration  of  the  trinitroethyl  propionate  decreases. 

Inasmuch  as  the  percentages  of  conversion  also  increases,  these  values  give 
only  qualitative  evidence  for  chain  transfer  by  trinitroethyl  propionate. 

(e)  A quantitative  determination  of  the  chain-  j 

transfer  ability  of  trinitroethyl  propionate  in  ntyrene  (i.e,,  the  determination  1 

of  kf/]c2t^  the  ratio  of  rate  constants  for  chain  transfer  ar'i  chain  propagation) 

is  nou  in  progress,  •Ithougi;  the  results  are  still  ir-.oinplete,  it  appears  that 
complete  inhibition  takes  place  at  vdien  1 mol  peircent  of  the  ester  is  used, 
the  polymerization  being  catalyzed  by  0.1  mcl  percent  methyl  n-amyl  ketone 
peroxide.  Using  the  same  amount  of  catalyst,  the  polymerization  is  very  slow 
when  0.1  mol  percent  of  trinitroethyl  propionate  is  used;  the  conversion  is 
about  y%  after  one  week  at  In  viow  of  these  results  a comparative  study 

of  the  polymerization  of  styrene  at  three  concentrations  of  methyl  n-amyl 
ketone  peroxide,  0,1,  0.2$,  and  0,50  mol  percent,  was  carried  out.  The  values 
for  the  rate  of  polymerization,  Rp,  at  the  corresponding  catalyst  concentra- 
tions, are  0.059o,  0.101,  and  0.121)  mol  liter'*^hr”l  for  conversions  which  are 
between  2$  and  30^  ccoplete.  Although  the  determination  of  the  viscosities  is 
not  complete,  from  a consideration  of  time  involved  it  appears  more  feasible  to 
use  concentrations  of  catalyst  groator  than  0,1  mol  percent. 


^See  Equation  (17), 
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(2)  Pclynerization  of  Styrene  - Ejq>erimental 

(a)  The  styrene  used  in  the  polymerization  eas 

distilled  under  nitrogen  through  a 3-ft  glass-helices-packed  column  just  before 
use;  the  bp  was  6yC  at  50  mm.  The  polymerizations  were  carried  out  in  the 
follcwing  manner:  The  appropriate  quantities  of  trtnitroethyl  propionate, 

styrene,  and  methyl  n-amyl  ketone  peroxide  were  placed,  in  order,  in  thoroughly 
clean  test  tubes  (16  x 150  mn).  The  total  number  of  mols  of  constituents  was 
kept  at  O.OUS.  The  concentration  of  methyl  n-amyl  ketone  peroxide  was  loapt 
constant  at  2 mol  j>«rcent,  baaed  on  styrene,'”  The  concentration  of  trinitro- 
ethyl  propioiiate  varied  from  0 to  20  mol  percent.  The  test  tubes  wage  cooled 
in  dry  ice,  flushed  with  nitrogen,  sealed,  and  then  placed  in  the  li5°C  bath. 
After  Uo  hr  the  sauries  were  dissolved  in  an  equivalent  volume  of  acetone  and 
the  mixtures  poured  into  50  ml  of  methanol  containing  a small  amount  of  r^butyl 
catechol.  The  precipitated  polyiaera  were  collected,  dried  in  the  vacuum 
desiccator  using  an  oil  pump  for  US  hr,  then  wei^ied.  The  dried  polymers  were 
next  dissolved  in  about  25  times  their  weight  of  benzene  and  precipitated  into 
five  to  six  volumes  of  methanol.  The  samples  were  then  thoroughly  dried. 

(b)  Viscosity  measurements  were  taken  by 
dissolving  0,200  gn  of  reprecipitated  polymer  in  50.00  ml  of  anhydrous  benzene; 
the  mixture  was  peraitted  to  stand  for  U8  hr  and  the  time  of  flow  was  deter^ 
mined  in  a modified  Ostwald  visccneter.  The  \'l8C08ity  was  calculated  from  the 
relationship 


2.30  log  ^ 
'o 


c 


where  t • time  of  flow  for  polymer  solution,  tp  • time  of  flow  for  solvent, 
and  o “ concentration  in  grams  of  polymer  per  lOO  ml  of  solution. 


(c)  The  experiments  to  determine  the  value  of 
kVk2  '"'ore  carried  out  in  a modified  manner.  The  appropriate  quantities  of 
styrene,  trinit roethyl  propionate,  and  methyl  n-amyl  ketone  peroxide  (enough 
for  six  runs)  were  wei^d  and  mixed,  and  10,00-ml  aliquots  were  taken.  The 
density  of  the  mixture  was  determined  in  order  to  calculate  the  total  volume 
of  solution  present.  The  test  tubes  containing  the  samples  were  then  treated 
in  the  usual  manner, 

(d)  A mixture  of  2,270  gn  (0.0096  mol)  of  trl- 
nitroethyl  propionate,  U.OOG  gm  (0.038U  mol)  of  styrene,  and  0.226  em  (0,000768 
mol)  of  methyl  r^aayl  ketone  peroxide,  when  subjected  to  the  polymerization 
conditions  described  above,  resulted  in  no  polystyrene  but  gave  a small  amoimt 
of  crystalline  product.  This  unknown  colorless  substance,  when  crystaUized 
several  times  from  methylene  chloride  and  n-hexane,  melted  at  98  to  99  u. 

Analysis  Found*  %C,  66,89;  5*^9;  /fN,  6,79 
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(5)  Polyneriaation  of  Methyl  Methacrylate  - Dis- 
cxission 

To  determine  values  of  kx/k2  for  methyl 
methacrylate  and  various  nitro  cac^>ounds*  a relationship  between  intrinsic 
viscosity  and  the  degree  of  polyciarization  ?n  ^ needed.  Tobolaky  has  deter- 
mined such  a relationship " 2.52  x 10~^  polymerisations 

of  methyl  methacrylate  using  bensoyl  peroxide  as  a catalyst  wew  carried  out 
according  to  the  method  of  Tobolsky  to  see  whether  comparable  results  could 
be  obtained.  The  polymerisations  were  cabled  out  for  29  and  30  min,  using 
0.l60  nol/liter  of  benzoyl  peroxide  at  60''C.  The  corresponding  conversions 
were  13.2  and  15.5/f,  respectively.  Tobolsky  reported  1S%  conversion  and  an 
intrinsic  viscosity  of  0.87U.  The  viscosity  of  the  crude  polymer  was  found 
to  be  0.6l.  When  the  polymer  was  reprecipitated  once  from  chloroform  and 
methanol  the  viscosity  was  essentially  the  same. 

(U)  Polymerization  of  Methyl  Methacrylate  - 
Experimental 

Methyl  methacrylate  (Du  Pont)  was  distilled 
under  nitrogen  at  30  nr  pressure.  * Oi?6fi3-gm  quantity  of  benzoyl  peroxide 
(0.l60  mol/liter)  was  weifdied  into  a 25-ml  volumetric  flask  and  Bifcthyl 
methacrylate  was  added  to  make  25  ml  of  solution.  Two  10-ml  aliquots  were 
taken  and  placed  in  test  tubes;  the  tubes  were  flushed  with  nitrogen,  sealed, 
and  placed  in  the  o0°C  bath.  The  first  sample  was  polymerized  for  29  min  and 
the  second  for  30  min.  The  polymers  were  precipitated  in  methanol  containing 
t-butyl  catechol,  collected,  and  dried  in  a vacuum  desiccator  for  2li  hr.  The 
yields  were  1.2li9  yn  (13.2Jf)  and  1.U76  (l5.5^),  respectively.  The  viscosities 
were  determined  in  the  usual  manner. 

d.  Chain  Transfer  of  Trinitroethyl  Methacrylate 

(1)  As  an  introduction  to  the  determination  of  the 
chain-transfer  characteristics  of  trinitroethyl  net hacrj’ late,  bulk  polymeriza- 
tion of  this  mater: ?.l  is  being  studied,  using  methyl  n-amyl  ketone  peroxide 
(MIKP)  as  initiator. 


(2)  If  the  polymerization  is  terminated  while  the 
percentage  of  conversion  is  low,  the  concentration  of  the  monomer  will  remain 
essentially  constant  and  the  rate  becomes  zero  order  with  respect  to  moncmer. 

Thus,  “ k2  [c*J  rather  than  being  defined  by  Equation  (6). 

(3)  The  rate  of  polymerization  vs  catalyst  concen- 
tration is  being  studied.  A plot  of  the  rate  vs  the  square  root  of  catalyst 
concentration  should  be  linear,  provided  that  the  catalyst  itself  does  not 
exhibit  chain  transfer.  Since  no  information  is  available  on  tlis  initiator 
MAKP,  the  rate  vs  catalyst  concentration  is  being  investigated.  The  data 
available  are  ins'll licient  to  warrant  conclusions. 


H 
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(U)  Experimental 

(a)  A mixture  of  0.3097  gm  of  MAKP  and  30.998U 
gm  of  trinitroetJqrl  methacrylate  was  divided,  in  known  portions,  among  six  16- 
X 150-nsa  test  tubes  which  had  been  specially  cleaned.  The  air  above  the  monomer 
mixture  was  displaced  with  nitrogen  and  the  tubes  were  placed  in  a 50.0  ± 0. 15*^0 
stirred  oil  bath.  At  intervals  a tube  was  withdrawn  and  the  polymer  wa.i 
limed  lately  precipitated  by  pouring  the  mixture  into  100  ml  of  ^hexane.  The 
polymer  was  filtered  and  washed  with  an  additional  100  ml  of  hcaane.  The 
relative  and  intrinsic  viscosities  were  determined  on  samples  of  sufficient 
weight.  The  results  are  summarized  in  Table  II. 


IABI£  II 

BULK  POLYMERIZATION  OF  TRINITRCETm  METHACRYIATE  ’ffITH 

1$  IttKP  AT  50°n 


Weight  of 
Monomer 
Mixture 
m 

Weight  of 
Polymer 
Formed 
gm 

Time 

hr 

Polymerized 

Rate 

Constant  k 
moiy  liter/sec 

5.5537 

0.0939 

1.5 

1.691 

1.68  X 10-5 

5.U530 

0.13U7 

2.5 

2.U70 

1.U7  X .10-5 

1.059^ 

0.056 

5.010U 

0.173ii 

3.5 

3.U61 

1.U7  X 10-5 

1.059^^ 

0.058 

5.0016 

0.23li5 

5.0 

ii.689 

1.39  X 10-5 

1.126 

o.o6o 

5.0785 

0.5057 

10.0 

9.958 

1,1*9  X 1Ct5 

1.122 

0.058 

5.0559 

0.5567 

11.0 

11.01 

1.U9  X icr5 

1.118 

0.056 

Concentration  of 

’ 2 gm  of  polymer  in  lon 

ml  of  acetone 

Concentration  of  1 gm  of  polymer  in  100  ml  of  acetone 


c 8 

Calculated  by  the  Baker  equation  ■ — 

c ■ concentration,  ^ 


where 


(b)  Another  rate  determination  was  carried  out 
in  the  same  manner,  using  a mixture  containing  0.0773  gm  MAKP  and  30,9979  gm  of 
trinitroethyl  merthacrylate.  These  results  are  given  in  Table  III, 
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TABL8  m 

BUUf  POLTieREATION  CF  TRINITRCETHIL  METHACRTLATE  WITH 
0.25JJ  M4KP  AT  50®C 

Weight  of  Weight  of 

yonooer  ‘ Polyiser  Rate 


Mixture 

Formed 

_ pa 

Time 

hr 

% 

Polymerized 

Constant  k 
moVllter/sec 

^r 

Ml 

5.3182 

0.0676 

2.0 

1.6U7 

1.2U  X 10^ 

— 

5.1265 

0.1696 

U.0 

3.125 

1.17  X 10“^ 

1.058* 

0.056 

5.0632 

0.2071 

5.5 

U.090 

1.12  X 10“^ 

1.089^ 

0.057 

5.0256 

0.2916 

8.0 

5.8C2 

1.09  X 10“^ 

1.122‘= 

0.058 

5.0273 

0.3U17 

9.83 

6.797 

l.Oli  X 10“^ 

1.127^ 

0.060 

5.0689 

0.863U 

21.5 

17.03 

1.19  X 10~^ 

1.257** 

0.058 

*Concentration  of  1,00  gm  of  polyoer/lOO  ml  of  acetone 

^Concentration  of  1,50  gm  of  polymer/lOO  ml  of  acetone 

Concentration  of  2.00  gm  of  polymer AOO  ml  of  acetone 

^Concentration  of  U.OO  gm  of  polymer ACO  ml  of  acetone 

0 

Calculated  by  the  Baker  equation. 

(c)  It  is  observed  that  there  is  no  detectable 
change  in  the  intrinsic  viscosity,  altbou^  fourfold  change  of  catalyst  con- 
centration occurred.  It  is  also  to  be  noted  that  the  rate  at  0.255^  catalyst 
concentration  is  not  half  the  rate  at  1%  initiator  concentration,  as  would 
be  expected. 

2 , Pentaerythritol  Trinitrate  Acrylate 

a.  Determination  of  Polymerization  Rate 

(1)  The  polymerization  rate  of  pentaerythritol 
trinitrate  acrylate  (petrin  acrylate)  in  acetone  solution  has  been  determined 
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at  30,  UO,  and  50°C.  The  over-all  activation  energy  has  been  calculated 
the  rate  constants.  The  dilatometric  method  described  in  an  earlier  report^ 
used  to  determine  these  values.  The  rate  constants  were  calculated  for  a 
zero-order  reaction,  expressed  as  percent  per  hoxir,  although  the  polymerization 
appeared  to  be  of  conplex  order.  The  rate  constant,  k,  was  found  to  be  2,2^/hr 
at  30®C,  5.35t/hr  at  U0®C,  and  10.075S/hr  at  50^.  The  activation  energy  was 
fouTjii  to  be  approximately  iLi  kcal/mcl.  The  data  are  given  in  Tables  IV,  V,  and 
VI,  and  plotted  in  Figures  1,  2,  3,  and  U.  Density  data  are  presented  in 
Figxnre  5. 


(2)  The  dilatoaeters  were  prepared  by  blowing  1.5- 
to  2-ml  bulbs  on  1-nci  capillary  tubing.  After  calibration,  the  dilatometers 
were  filled  with  a solution  of  5.0U9  gm  of  acetone  containing  5.000  gm  of 
pet^in  acrylate  and  0.0501  gm  of  methyl  j^asyl  ketone  peroxide.  The  filled  . 
dilatometers  were  placed  in  the  appropriate  baths  and  the  rats  of  polymeriza- 
tion was  followed  by  checking  the  fall  in  the  level  of  the  meniscus,  until 
sufficient  data  were  collected  to  plot  a rate  curve.  The  solutions  were 
cia*ed  at  50°C  for  seven  days,  then  removed;  the  polymer  was  precipitated  by 
pouring  into  methanol.  The  polymer  fi'om  the  30°C  bath  had  a relative  viscosity 
of  1.U9  in  acetone  at  a concentration  of  2 gnv^lOO  ml. 

b«  Solution  Polymerization 

(1)  It  was  observed  from  the  kinetic  stuify  that  the 

50  yrt%  solutions  of  polymer  had  not  gelled.  It  had  been  reported  in  preliminary 
experiments  that  the  poljnner  was  acetone-insoluble.  Another  set  of  experi- 
ments was  then  carried  out  to  confii*m  these  observations.  A 50^  solution, 
using  1 or  Q»2$%  methyl  n-anyl  ketone  peroxide  catalyst,  gave  soluble  p>oIymers. 
At  75$  monomer  concentraTion,  using  the  same  quantities  of  catalyst,  gels  were 
formed  which  appear  to  be  con?)letely  acetone- insoluble.  However,  they  imbibed 
solvent  and  swelled  considerably. 

(2)  The  soluble  polymer  prepared  using  1$  catalyst 
had  a relative  viscosity  of  1.73.  With  0.25$  catalyst  the  relative  viscosity 
was  of  1.67.  Although  these  data  are  not  consistent,  the  monomer  appears 
promising  and  future  work  is  indicated. 

3,  Vinyl  Trinitrobutyrate 

It  was  reported  that  a possible  co-polymer  of  vinyl  trinitro- 
butyrate  (VTB)  and  aci^lonitrile  had  been  obtained.  Additional  experiments, 
in  atten5:ts  to  obtain  a co-polymer  with  higher  molar  ratios  of  VTB.  have 
failed.  Inasmuch  as  all  of  the  past  work  with  this  monomer  has  been  un- 
successful, no  future  work  is  antic ip>ated. 
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XABI£  IV 


polhierizaticn 

OF  PmiN  ACRTUIE  AT 

30«C 

(AVx  • 

» 14,78  X 10"^  ml) 

At,  hr 

Ah,  cm 

A7.  ml 

% 

Polymerized 

0 

0 

0 

0 

0.5 

0 

0 

0 

1.0 

0 

0 

0 

2.0 

0 

0 

0 

U.5 

0 

0 

0 

5.0 

0.01 

7,61  X 10-5 

0.159 

6.0 

0.06 

6.09  X 10-4 

1.28 

7.0 

0.08 

6.09  X 10-U 

1,28 

8.0 

0.09 

6,84  X 10-4 

1.43 

9.0 

0.10 

7.61  X 10-4 

1.59 

10.75 

0.19 

I.I45  X 10r3 

3.03 

12.0 

0.20 

1,52  X 10r3 

3.19 

17.0  . 

0.22 

1.67  X l(r3 

3.50 

19.0 

0.35 

• 2,66  X 10-3 

5.57 

21.0 

0.55 

U.id  X 10*3 

8.75 

22.0  . 

0.66 

5.03  X 10-3 

10,5 

23.0 

0.79 

6,01  X icr3 

12.6 

2U.0  , 

0.93 

7.07  X 10r3 

14.8 

25.0 

1.06 

8.22  X icr3 

17.2 

26.0 

1.19 

?,06  X icr3 

19.0 

27.5 

1.39 

1.06  X icr2 

22,2 

29.5 

1.69 

1.29  X icr^ 

26.9 

31.5 

1.8U 

I.I40  X 1(t2 

29.3 

33.25 

2.09 

1.59  X 10-2 

33.3 

35.25 

2.27 

1.73  X icr2 

36.2 

37.0 

2, ho 

1.83  X 1(t2 

38.2 

39.0 

2.57 

1,96  X icrl 

40.9 

Ul.5 

2.78 

2,12  X 1(t2 

44.2 

U3.0 

2.85 

2.17  X 10-2 

45.4 

li7.0 

3.09 

2.35  X 10-2 

49,2 

50.0 

3.29 

2.51  X 10-2 

52.5 
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TABIZ  V 


POLTUERIZATICN  OF  PBIRIN  ACRYUTE  AT  UO^C 


(AVt 

- 3.91  X 10-2  ai) 

At,  hr 

Ah,  cm 

AV.  ml 

% 

Polymerized 

0 

0 

0 

0 

0.5 

0 

0 

10-L 

0 

1.0 

0.02 

1.U5  X 

0.371 

1.5 

0.05 

3.53  X 

10-« 

0.927 

2.0 

0.07 

5.08  X 

icr« 

1.30 

U.O 

0.15 

1.09  X 

icr^ 

2.78 

5.0 

0.19 

1.38  X 

lor-3 

3.52 

6.0 

O.UO 

2.90  X 

icr] 

7.U2 

7.0 

0.65 

U.71  X 

10-^ 

12.1 

7.75 

0.87 

6.31  X 

10-3 

16.2 

8.75 

1.06 

7.8U  X 

10-3 

20.1  • 

10.5 

1.59 

1.15  X 

10"2 

29.5 

11.75 

1.67 

1.21  X 

10-2 

31.0 

13.25 

2.06 

1.50  X 

10r2 

38.2 

lli.75 

2.28 

1.66  X 

10-2 

U2.3 

16.0 

2.52 

1.83  X 

10r2 

U6.7 

17.0 

2.61 

1.89  X 

10-2 

U3.U 

19.0  • 

2.86 

2.06  X 

10r2 

52.5 

22.0  • 

3.19 

2.31  X 

10t2 

59.1 

2U.0 

3.39 

2.U6  X 

10-2 

62.9 

25.0 

3.U9 

2.53  X 

10-2 

6U.7 

26.0 

3.57 

2.59  X 

10r2 

66.2 

Ul.25 

U.57 

3.32  X 

10-2 

85.0 

U3.0 

U.67 

3.39  X 

10-2 

86,7 

U6.0 

U.77 

3.U6  X 

icr2 

88.5 

50.0 

U.93 

3.58  X 

10-2 

91.5 
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TABLE  VI 


POLYKERIZATION  CF  PETRIN  ACRYLATE  AT  50°C 
(AV«p  * 3,76  X 1CT“  ml) 


i 


At,  hr 

Ah,  cm 

AV.  ml 

Polymerized 

0 

0 

0 

0 

0.5 

0.03 

2.36  X icr« 

0.628 

i.c 

0.05 

3.9U  X icr^ 

1.05 

1.5 

0.05 

3.9lj  X icru 

1.05 

1.75 

0.10 

7.87  X 10-!j 

2.09 

3.5 

0.97 

7.63  X icr^ 

20.3 

U.o 

1.18 

9.29  X 10-^ 

2»*.7 

U.5 

1.38 

1.09  X 10-2 

23.9 

5.0 

1.61 

1.27  X 10-2 

33.7 

5.5 

1.79 

l.Ul  X 10-2 

37.5 

6.C 

1.98 

1,56  X .0-2 

1*1.5 

6.5 

2.13 

1 *6ft  V 10*2 

Liu  .6 

7.25 

2.28 

1^00  X 10-2 

1*7.7 

8.25 

2.1*6 

1.9)i  X 10-2 

51.7 

10. C 

2.76 

2,17  X 10-2 

57.7 

11.33 

2.88 

2.27  X 10-2 

60,1* 

12,67 

3.06 

2,1*1  X 10-2 

61*. 1 

lla.33 

3.09 

2,1*3  X icr2 

61i,6 

15.5 

3.23 

2,5h  X 1Ct2 

67.9 

16,5 

3.33 

2,62  X 10-2 

69.7 

18,5 

3.51 

2,76  X 10-2 

73.1* 

21.5 

3.71 

2,92  X icr2 

77.6 

22.0 

3.72 

2,93  X lC-2 

78.0 

2U.0 

3.83 

3,02  X 10-2 

80,2 

25.0 

3.85 

3,03  X 1Ct2 

30,6 

25.5 

3.88 

3.06  X 10-2 

31.2 

Ul.o 

3.97 

3.13  X 10-2 

83.1 

U3,0 

3.97 

3.13  X 10-2 

83.1 

U6,0 

3.85 

3.03  X 10-2 

80,6 

h9,0 

3.82 

3,01  X 10-2 

80.0 
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Figure  5 


li.  Trinitroethyl  Methacrylate 

a.  A sample  of  polytriiiitroethyl  methacrylate  which  was 
to  be  used  in  the  determination  of  data  for  the  SPIA  data  sheet  was  prepared 
several  months  ago.  Because  of  the  rather  poor  analysis  of  this  sample  (JPK-li), 
before  and  after  steam  distillation,  and  the  poor  agreement  with  the  predicted 
heat  of  combustion,  the  sample  was  not  used  in  the  evaluation  tests, 

b.  Another  sample  (JP&-30)  of  polymer  was  prepared  to 
r^lace  the  previous  batch.  However,  again  it  was  observed  that  the  elemental 
analysis  was  in  poor  agreement  with  the  theoretical.  The  carbon  and  hydrogen 
values  were  high;  added  confirmation  of  the  disagreement  was  obtained  from  the 
heat  of  combustion  data,  which  was  higher  than  that  predicted  for  the 
postulated  structure, 

c.  Experimental 

A 0,3l25-gm  (0,25t)  quantity  of  methyl  n-amyl  ketone 
peroxide  was  added  to  125,0  gm  of  trinitroetl^l  methacrylate.  The  mixture  was 
melted  and  thoroughly/  mixed,  then  evenly  divided  among  13  test  tubes  (16  x 
150  mm)  which  had  been  cleaned  in  chromic  acid,  washed  with  distilled  water, 
washed  with  acetone,  and  finally  dried  at  75°C,  Nitrogen  was  used  to  displace 
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the  air  above  the  monomer  and  the  tubes  were  sealed.  Polymerization  proceeded 
for  172  hr  at  hO°C,  followed  by  87  hr  at  50°C,  The  polymer  (115  gm)  was 
dissolved  in  an  equal  weight  of  acetone  and  precipitated  in  U liters  of  hexane. 
The  supernatant  liquid  was  decanted  arid  the  polymer  was  slurried  with  2 liters 
of  hexane.  After  the  material  was  filtered  and  dried  by  pumping  in  vacuo  for 
two  days,  a sample  was  ^nibmitted  for  analysis.  The  softening  range  was  160  to 
170°C,  and  the  impact  stability  was  30  cm/2  kgj  the  relative  viscosity  at  a 
concentration  of  2 gm/lOC  ml  acetone  solution  was  1.19,  and  the  mp  of  the 
monomer  28,30°C, 

Anal,  calc'd  for  C6H7N3O8:  %C,  28.93;  JfH,  2,83;  16,87 

Monomer:  5tC,  29.51;  1SA,  2,90;  ^N.  17.10 

Polymer:  JgC,  33.67;  JH,  3.72;  %H,  13.U1 

Heat  of  combustion  of  polymer:  3171,  3065  cal/gn 

Predicted:  2817  cal/gm 

B.  ADDITION  AND  CONDENSATION  POLDiERS 
1,  Introduction 

a.  In  general,  monomers  containing  nitro  groups  react 
less  rapidly  than  those  without  nitro  groups.  As  the  number  of  nitro  groups 
per  monomer  is  increased,  the  tendency  to  decompose  usually  increases  with  an 
increase  in  temperature.  A material  that  would  catalyze  the  polymerization 
reaction  would  make  the  rate  of  polymerization  of  highly  nitrated  moncaners 
practical  at  lower  tenperatures , thus  decreasing  decomposition.  Of  the 
materials  tested,  boron  trifluoride  etherate  showed  the  largest  catalytic 
effect  on  the  rate  of  nitro  polyurethane  formation.  During  this  report 
period,  boron  trifluoride  catalysis  has  been  further  studied  and  i;ised  as  a 
practical  method  of  increasing  the  rate  of  nitro  polyurethane  formation, 

b.  Work  was  continued  on  the  preparation  of  new  poly- 
urethanes and  larger  quantities  of  those  previously  prepared. 

c.  Further  attempts  to  ester ify  polyvinyl  alcohol  and 
«t-cellulose  with  nitro  acid  chlorides  and  anhydrides  have  failed.  The  reaction 
of  polyvinyl  alcohol  with  3,3,3-trinitropropyl  isocyaruite  was  also  unsuccess- 
ful, This  work  will  not  be  continued. 

d.  Alkaline  catalysis  of  the  polymerization  of  glycidyl 
U,U,U-trinitrobutyrate  was  not  effective.  In  several  cases  there  was  indica- 
tion of  degradation  of  the  trinitromethyl  cr.d  group.  Hydrogen  chloriLe, 
boron  trifluoride,  and  an  alkane  sulfonic  acid  were  also  ineffective,  TTiis 
work  will  be  continued  using  glycidyl  butyrate  as  a model. 
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2.  Polyiirethanes 

a.  Kinetic  Studies 

(1)  Boron  Trifluoride  Catalysis  of  Polyurethane  I-J, 

from  3, 3-Dinitr 0-1, 5-pentane  Diisocyanate  and 

2-Nitro- 2-methy 1-1 , 3-propanediol 

(a)  Work  reported  previously^  indicated  that 
boron  trifluoride  etherate  was  an  excellent  catalyst  for  the  reaction  of  nitro 
diisocyanates  with  nitro  diols  in  dioxan  solution.  This  catalytic  effect  was 
studied  in  more  detail  using  the  monomers  3, 3-dinitro- 1,5-pentane  diisocyanate 
and  2-nltro-2-metly  1-1, 3-propanediol  in  dioxan  solution.  This  particular 
polymer,  I-J,  was  cnosen  for  the  experiments  because  the  rate  of  H-NCOj  disap- 
pearance could  be  readily  measured  ly  the  standard  analytical  proc^edure, 

(b)  All  of  the  experiments  were  performed  on  a 
single  mixture  of  the  monomers  in  anhydrous  dioxan.  Equivalent  amounts  of  the 
reactive  groups  [-CH]  and  E*NC^  were  used.  In  three  separate  experiments, 
increasing  amounts  of  boron  trifluoride  etherate  were  added  to  the  standard 
mixture  and  all  were  maintained  at  30°C  In  the  same  constant- temperature  bath, 
together  with  the  control  containing  no  catalyst.  Samples  were  periodically 
removed  and  analyzed  for  f NC<3  • Figure  6 is  a plot  of  isocyanate  concentration 
vs  time  for  the  uncatalyzed  reaction  and  two  of  the  catalyzea  reactions.  The 
third  catalyzed  reaction,  in  which  an  equivalent  quantity  of  boTon  trifluoride 
etherate  was  used,  was  too  rapid  to  measure  amd  the  heat  evolved  raised  the 
temperature  above  that  of  the  bath. 

(c)  The  uncatalyzed  reaction  was  found  to  be 
second  order  and  the  value  of  the  rate  constant  at  30°C  was  K30O  ■ 6.6  x ICTh 
liters  equivalent"^  hr“l.  At  50®C  the  rate  constant  was  “ 2.3  x lO"'^ 
liters  equivalent"^  hr”^.  The  catalyzed  reactions  were  more  conplex  and, 
when  plotted  as  secot^order  reactions,  straight  lines  were  not  obtained.  The 
initial  rate  of  fNC(3  disappearance  increased  as  the  amount  of  boron  tri- 
fluoride etherate  was  increased.  Another  control  experiment  showed  that 
isocyanate  is  not  consumed  by  boron  trifluoride  etherate  in  dioxan  at  30OC, 

(d)  Curve  2 of  Figure  6 shows  the  rate  of 

isocyanate  dis^pearance  in  the  presence  of  0,0193  equivalent  of  catalyst  per 
equivalent  of  or  , The  initially  rapid  rate  decreased  to  the  rate 

of  the  uncatalyzed  reaction  after  about  half  of  the  total  isocyanate  had  been 
consumed.  Addition  of  more  catalyst  at  this  point  increased  the  rate  of 
isocyanate  consumption.  This  indicates  that  the  catalyst  is  slowly  consumed, 
probably  by  forming  a cixnplex  with  the  polyurethane  that  is  formed. 
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Figure  6 


(e)  Further  evidence  of  boron  trifluoride 
consuiqjtion  by  the  reaction  products  wa?  observed  in  the  second  catalyaed 
reaction,  shoim  in  curve  3 of  Figure  6,  Inasmuch  as  the  analytical  procedure 
used  for  determining  f NCO^  does  not  serve  to  differentiate  between  [^NCO^ 
and  boron  trifluoride,  the  amount  of  boron  trifluoride  added  to  the  reaction 
must  be  subtracted  ft*om  the  total  amount  of  di-rv-butylamine  consumed  to 
obtain  the  f-NC^  concentration.  Proceeding  in  this  manner  resulted  in 
negative  values  for  (^NCC^  In  later  stages  of  the  polymerization,  indicating 
that  the  amount  of  free  box'on  trifluoride  still  present  was  less  than  the 
amount  originally  added. 


(f)  The  relative  viscosities  of  acetone 
solutions  of  the  polymers  p>repared  in  the  three  catalyzed  reactions  wea*e 
about  the  same.  However,  later  experiments  have  shown  that  the  relative 
viscosity  is  related  to  the  number  of  equivalents  of  boron  trifluoride  used 
per  equivalent  of  monomer.  The  polymer  obtained  from  the  reaction  in  which 
an  equivalent  quantity  of  catalyst  was  used  was  submitted  for  elementary 
analysis.  Good  agreement  with  theoretical  values  was  obtained.  If  the 
boron  trifluoride  does  form  a complex  with  the  polyurethane,  it  must  be 
removed  during  the  washing  process. 
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(g)  Experlj&ental  (JRF-111) 

The  3,3-dlnitro-l,5-pent*ne  diisocyanate  iras 
analysed  for  f-NC^  as  folloirs:  Approxlmtely  1 gm  of  the  crystalline  dilsocy»- 

nate  was  weighed  acciirately  into  a glass- stoppered,  12$-ml  Erlenmeyer  flask. 
Twenty-fire  b1  of  a IN  solution  of  di-^butylanlne  in  anhydrous  dloxan  was  added. 
After  standing  $ to  10  min  at  room  tea^erature  the  mixture  was  transferred  to  a 
UOO-ml  beaker;  acetone  was  used  to  wash  out  the  flask.  Twenty-five  ml  of  water 
was  added  and  the  excess  amine  was  back-titrated  with  O.^N  HCl  to  a pfl  of  5*0. 

A blank  determination  was  run  simultaneously.  The  observed  values  were  96.30 
and  96.31^  purity,  assuming  that  all  the  [^NCO]]  was  present  as  3,3-dlnltro-l,$- 
pentane  diisocyanate. 


(h)  CoomB'cially  available  2-nltro-2-methyl-l,>- 
propanedlol  was  recrystallized  from  benzene.  Tne  observed  melting  point  was 
lii9^«  Dloxan  was  refluxed  8 hr  over  sodium  metal,  decanted,  then  distilled 
from  fresh  sodium  discarding  a forerun.  Boron  trifluoride  etherate  was  prepared 
by  saturating  antydrous  ether  with  boron  trifluoride,  then  distilling  the 
product,  discarding  a forerun. 


(i)  A standard  dloxan  solution  containing  1.3106 
eq./liter  of  each  of  the  monomers  was  prepared.  Ten  ml  of  boron  trifluoride 
etherate  was  diluted  to  100  rl  rlth  dloxan.  One  ml  of  this  solution  contained 
0,758  i»eq,  of  catalyst.  The  final  mixtures  were  made  as  follows: 


JRF-m-A 

150  ml  monomer 
eol'n. 

5 al  BP3  sol’n. 

U5  ml  dloxan 

Equivalent  tot 

0.9829  eq./llter 
monoaers 

0.01895  eq./llter 
BT3 


JRF-lll-E 

150  ml  Bonomer 
sol'n. 

No  BF3  sol’n. 

50  ml  dloxan 

0.9829  eq./liter 

monomez's 


JRF-IU^C 

150  ml  monomer 
sol'n. 

50  ml  BT3  sol'n. 


0.9829  eq./liter 
monomers 

0,1395  eq./liter 
BT3 


JRF-11]^D 

50  ml  monomer 
sol'n. 

8,6  ml  BF30(C2H5)2 

1.118  eq./llter 
1.112  eq./Hter  BF3 


Total  equivalents  of  [^NCO]]  vs  tlae  for  these  reactions  are  listed  in  Table  VII. 
The  analyses  were  made  by  removing  10-icl  samples  of  the  reaction  mixture,  adding 
excess  narmal  di-n-butylamlne  solution,  then  bacl&-titratlng  with  0.5N  acid. 
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TABLE  7II 

REACTION  OF  2-NITRCX.2-METHYL-1, 3-PROPANEDIOL  WLTd 
3, 3-DINITRO-l, 5-PENTANE  DIISOCIANATE  IN  DIOXAN 


Elapsed 

Time 

hr 

JRF-m-A* 
EqulTalehts  G'NCOl 

JRF-m-3'*^ 
Equivalents  E*NC0l 

♦ 

JRF-IU^C 

Equivalents  ^NCC^ 

0 

0,1966 

0,1966 

0.1966 

0,33 

0,1787 

— 

0.0880 

1,00 

0,161*2 

0.1950 

0.0730 

2,00 

0.11*82 

— 

0.0635 

3 -.00 

0.1397 

— 

0.0575 

19.0 

0,0997 

0,1950 

0.0215 

23,0 

0,0957 

— 

0.0170 

26,0 

0,09U2 

— 

0,011*0 

143,0 

0,0877 

0,1920 

0,0065 

50,0 

0,0857 

0,1918 

O.OOljO 

96,0 

0,0807 

0,1875 

-0,0010 

1614,0 

0,0727 

0,1810 

-0,0035 

187,0 

0,0692 

— 

-0.001*0 

23U.0 

— 

— 

-0,001*5 

2l4l,5 

0,0630  - 1.09) 

added  0,0039  eq,  BF3 

Precipitated  polymer 

2U2,5 

0,0600 

— 

- 1.31) 

258,5 

0,0355 

0,1720 

1*00,0 

— 

0.1590 

500,0 

added  0,0075  eq.  BF3 

— 

668,0 

Precipitated  polymer 

— 

716,0 

('V  - 1.25) 

0.1365 

*0,9829  eq./liter  monooersj  0,01895  eq,/liter  BF^, 
^0,9829  eq,/liter  monomers;  no  BF3. 

J 

0,9829  eq./liter  monomers;  0.1895  eq,/iiter  IiF3. 


Page  25 


CONFIDENTIAL 


CONFIDENTIAL 


n Technical  Progress,  B (cont.) 


Report  No.  5 90 


(J)  JRF-m-D 

The  reaction  mixture  became  warm  immediately, 
and  after  the  initial  reaction  was  over , the  tQs^>erature  was  maintained  at  60°C 
for  U8  hr.  The  polymer  was  precipitated  into  vrater,  washed,  then  vacuum  steam- 
distilled  and  dried.  Tha  relative  viscosity  of  a solution  in  acetone  containing 
2.00  giVlOO  ml  was  \ » 1.28  at  25°C, 

Anal.  calc‘d  for  CijHiyN^Oj^O*  • 3U.83;  jOi,  U.52;  50J,  18 .U7 

Pound:  %C . 3U.79;  jSH,  U.68;  18. Ul* 

(k)  The  kinetic  data  observed  in  the  uncatalyzed 
reactions  are  listed  in  Table  VIII.  The  rate  constants  were  evaluated  from 
the  slope  of  the  plot  of  DP  vs  tinei 

(2)  A Study  of  the  Effect  of  Boron  Trifluoride  Con- 
centration on  Molecular  T^eight  of  Polyurethane 
1~A,  from  3, 3- Dinitro-1, 5-pentane  Diisocyanate 
and  2, 2-Dinitro-l, 3- propanediol 

(a)  Previous  studies  have  shown  that  the  fxinction 
of  boron  trtfluoride  in  polyiirethane  formation  is  complex.  To  clarify  this 
problem,  in  part,  an  experiment  was  undertaken  to  determine  the  effect,  if  any, 
of  boron  ^jrifluoride  concentration  and  of  portion-wise  addition  of  boron  tri- 
fluoride on  molecular  weight. 

(b)  As  an  approach  to  this  problem,  a dioxan 
solution  of  equivalent  amounts  of  monomers  was  divided  into  five  aliquots;  to 
each  was  added* a different  amount  of  boron  trlfluorlde  etherate.  The  poly- 
merizations were  followed  by  measurements  of  the  viscosities  of  the  reaction 
so;i.utions;  and  at  the  point  where  no  further  increase  in  viscosity  was  observed, 
eA.’h  polymer  was  precipitated  from  solution,  washed,  and  dried.  As  a qualitative 
measure  of  molecular  weight,  relative  viscosities  of  the  precipitated  polymers 
WJ73  determined  under  standard  conditions.  These  data  are  p/osented  in  Table 
I’..  The  effect  of  boron  trifluoride  concentration  on  relative  viscosity  is 
shown  in  Figure  7. 


(c)  Conclusions 

These  data  show  immediately  the  profound 
effect  of  boron  trifluoride  concentration  on  molecular  weight,  in  a manner 
s.'^mewhat  suggestive  of  vinyl- type  catalysis.  Smaller  .-nounts  of  boron  tri- 
fluoride favor  higher  relative  viscosities,  and  in  the  limiting  case,  the 
polymer  obtained  using  no  boron  trifluoride  was  insoluble  in  acetone  and 
dimsthylformandde.  Portion-wise  addition  of  boron  trifluoride  is  clearly  shown 
to  effect  no  Increase  in  molecular  weight.  The  rate  of  reaction,  as  shown  by 
reaction  times  to  constant  viscosity,  is  seen  to  be  an  increasing  function  of 
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TABLE  VIll 

UNCATALT7ED  POLTkERIZATIOHS  2-NITRa-2-llETHTU1.3-PROFANEDIOL 
AND  3,3-DINITRO-l,5-PENTANE  DIISOCTANATE  IN  DIOIAN  SOLUTION 


Dioxan  Solution  at  30°C 


Criginal  concentration!  0,9829  equivalent  liter”^  [^NC(^ 

0,9829  equivalent  liter"^  1“^]] 

Observed 

Degree  of  Polymerization 


Tine 

hr 


h3 

96 

16U 

259 

aoo 

716 


1,015 

l,0l!0 

1,078 

1,133 

1,227 

1,1430 


K30°C 


6,5  X 10-^ 

O.9O29 


6,6  X ICr^  liter 


eq,”l  hjr”^ 


Dioxan  Solution  at  50®C 

Original  concentration:  2,37  equivalent  liter“^  [^NCC^ 

2,37  equivalent  liteir"^  iT*^ 


Tine 

hr 

Observed 

Decree  of  Polymerization 

22,0 

1,110 

U3,C 

1,220 

68,0 

1,365 

K50OC 


5,1:6  X icr^ 

2,37 


2,3  X icr^  liter  ea.“l  hr“l 
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TABLE  U 

RELATIVE  VISCOSITIES  AND  REACTION  TIMES  OF 
POLTlfRETHANE  I-A  PRF.F-4R.8TTCNS 


No. 

Equlv.J  BF-j*Et20 

Reaction  Time  to 
Const,  Viscosity,  hr 

Relative 

Viscosity 

JKE-12* 

0 

300 

Insoluble 

(to  a gel) 

JK^2U 

1 

HiO 

1.51 

JKB-29 

5 

5c 

l.b6 

JKE-28 

5 ♦ 5 at  hr  U8^ 

50 

l.li5 

JKE-30 

10 

l.bO 

JKE-25 

10  ♦ 10  at  hr  !i8° 

10 

l.bO 

JIIS-26 

50 

.5 

1.23 

JKB-27 

100 

2 

1.19 

^Polymer  from  different  initial  reaction  mixture. 

^Added  after  viscosity  of  reaction  solution  had  reached  a constant  value.  No 
increase  in  viscosity  was  observed  after  addition. 
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the  boron  trifluoride  concentration.  This  is  in  agreement  with  results  of  the 
kinetic  study  of  polyurethane  I-J.  To  avoid  the  exceedingly  long  reaction 
times  obtained  when  only  catalytic  amounts  of  boron  trifluoride  are  present,  a 
con5)romise  must  undoubtedly  be  roads,  sacrificing  something  in  degree  of 
polymerization  for  a more  feasible  rate*  Rheological  studies  will  probably 
best  indicate  the  correct  choice* 

(d)  Experimental 

The  monomers  were  recrystallized  and 

analyzed  immediately  prior  to  the  ejqfjeriment;  the  purity  of  both  samples  was 
98,81;  2.U26  equivalents  of  the  diol  were  combined  with  2,li26  equivalents  of 
the  diisocyanate  in  dioxan,  and  the  solution  was  diluted  to  750  ml*  Aliquots 
(150  ml)  were  then  pipetted  into  five  reaction  vessels.  Boron  trifluoride 
etherate  (normality  “ 7.58  meq./ml)  was  pipetted  into  each  vessel  in  an  amount 
equivalent  to  1,  5#  10,  50,  and  lOOjS,  respectively,  of  the  monomer  present* 

The  reaction  solutions  were  placed  in  a 60°C  constant-temperature  bath,  and 
stirred  intermittently,  Imm^iately  before  the  second  addition  of  boron 
trifluoride  etherate  to  runs  JKE-25  and  JKE-28,  a small  portion  of  each  was 
removed  as  a control.  When  no  further  increase  in  viscosity  of  a sample  was 
observed,  the  solution  was  removed  from  the  bath,  and  filtered.  The  poljTner 
was  precipitated  in  water  in  a Waring  Blendor,  vacuum  steam-distilled  at  25 
to  30°C,  and  drted  The  relative  viscosities  of  the  dry  polymers 

were  determined  in  aceTo;ie”at  a concentration  of  2*000  ga/lOO  ml  at  25°C* 

b.  Solution  Polymerizations 

(1)  Discussion 

The  new  polyixre thanes  prepared  during  this 
period  are  listed  in  Table  X.  These  polymerizations  were  started  before  the 
influence  of  boron  trifluoride  concentration  on  molecular  weight  was  known* 
Accordingly,  relatively  large  amounts  of  boron  trifluoride  were  used* 

(2)  Preparation  of  Polyurethane  XI-A,  from  3,3,5»7,7- 

Pentanitro-1, 9-nonane  Diisocyanate  and  2,2- 

Dini tro-1 , 3-propanediol 

(a)  JRF-112 

Equivalent  amounts  of  the  monomers  (52,6 
ga.  total  weight)  were  dissolved  in  77  gn  anhydrous  dioxan.  Five  ml  of  boron 
trifluoride  etherate  was  added.  This  amount  is  equivalent  to  0,Ii3  eq,  BF^  per 
equivalent  of  (j-NCCj  * The  mixture  was  placed  in  a special  flask  in  which  the 
viscosity  of  the  solution  could  be  measured  during  the  reaction.  Viscosity  of 
the  solution  vs  time  in  hours  is  listed  in  Table  XI.  The  temperature  was 
maintained  at  U0®C, 
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TABIZ  X 

SCHEDULE  OF  POLYIHIS  STUDIED:  POLYURETHANES 

Polymar  XI-A 

NO2  NO2  NO2  NO2 

0-C*N-CH2-CH2-C-CH2-CH-CH2-i-CH2-CH2-N-C-0  ♦ HO-CH^i-CH2“* 


NO2 


I 

NO. 


3 , 3 , 5 , 7 , 7-Pentanitro- 1 , 9- nonane 
Diisocyanate 

Cii*^13H70i2 


NO2  NO2  NO2 


NO2 

2, 2- Dlnitro- 1,3- 
propanediol 

C^6N206 


NO2 


-C-N-CH  2^H  2-<pCH  2-dUCH  2-C-CH  2-CH  ^N-C- CUCH  2-<^CH  2- 0 
NOo  Aoo  NOo 


-^n 


Cii4Hl9N90ig 

Theoretical  Igp  ■ 203  Ibf  sec  IhoT^ 
After  Nitration  Igp  • 231  Ibf  sec  Ibor^ 


Polymer  I-K 

NO2  NO2  NO2  NO2 

0-C-N-CH2-CH2-i-CH2-CIl2-N-C-C  ♦ HOCH2CH2CH2-C-CH2-iH-CH2-C-CH2CH2CH2CH 


Aoj 


I 

NO2 


NO. 


3 , 3-Dinitr o- 1 , 5-pentane 
Diisocyanate 

C7H0N^O6 

NO2 


U , U ,6 , 0 , 8-Pentanitro- 
1 , U-undecanediol 

C11H19N5O12 


OH  NO?  HO  NO2  NO?  NO? 

-C-N-CH  2-GH2-C-CH  2-CH  2-N-O-O-CH  2CH  2GH  2-^Mii  2-CH-CH  2-C-CH  2CH  ^CH 
io?  NO?  NO? 


-Jn 


C18H27N9O13 

Theoretical  ■ 175  Ibf  sec  Ibnr^ 

After  Nitration  Igp  » 209  Ibf  sec  IbnT^ 
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TABLE  I (cont.) 

SCHEDUIZ  OF  POLIMERS  STUDIED:  POLYURETHANES 


Polymer  I-L 


NO' 


O-C-N-CH2CH2-C-CH2CH2-N-C-O  ♦ HOCH2(M2CK^JmM2J^CH^J^^2CH2CH2CH 


.ic 

A02 

3 , 3-Dinitro- 1 , $-pentane 
Diisocyanate 


C7fl8N^06 
H NO2 


NO, 


NOo 


NO, 


I 

NO, 


A02  Aoc 


IL 


U, U, 6,6,8, 8-Hexanitr  0-1, 11- 
undecanediol 

^U^l8**6®lli 

NO2  NO2  NO2 


H 0 

I ‘ I II  I " I ‘ I 

2CH2-C-CH  2CH  2-N-C-O-CH2CH2CH  2-C-CH  2-(!^H  2-C-CH  2CH2CH2-O- 


02 


Ao, 


I " I 

N02  N02 


C18H26N10020 


->  n 


Theoretical  I 
After  Nitration  I 


sp 

sp 


191  Ibf  sec  Ibnri 

219  Ibf  sec  Ibitf-l 


TABLE  II 

VISCOSITY  OF  POLYIHETHANE  XI-A  - JRF-112  AT  UO°C 


Time 

Viscosity 

hr 

eentipoise 

0 

5 

16 

10 

21 

11: 

25 

17 

Lo 

21: 

U5 

26 

U8 

28 

6L 

32 

72 

36 

88 

36 

Added  6.6  ml  BF30(C2Hc) 

68 

27 

96 

27 

160 

27 

Remarks 


0,57  eq,  BF3/eq,(NC0) 


Removed  from  bath 
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(b)  The  polymer  tfas  precipitated  into  water, 
washed,  vacuum  steam-distilled,  and  dried.  A yield  of  U9*$  gm  (9W  of 
theoretical)  was  obtained.  The  product  softened  in  the  range  85  to  90°C  and 
had  an  intact  stability  of  80  cm/ 2 kg  as  compared  with  RQX  at  29  cn^2  kg.  The 
relative  viscosity  of  a solution  of  2,00  gm  in  100  ml  acetone  was  1,11  at  25°C, 

Anal,  calc'd  for  %C.  27.96;  ){H.  3.18;  jOl,  20.97 

Found;  %C,  27.95;  JfH,  3.25;  SW.  21.02 

Hf>at  of  o'lmbustion  calculated;  28U7  cal/gzn 

Found;  2887  cai/gn 

"eat  stability  tests;  65.5°C  - 10  min 

l3Ii.5°C  - 7 min;  exploded 
after  29  min 

(3)  Preparation  of  Polyurethane  XI-AN;  Nitration 
of  Polyurethane  XI-A,  3, 3, 5 »7 ,7-Pentanitr 0-1,9- 
nonane  Diisoc3ranate  and  2,2-Dinitro-l,3- 
propanediol 

(a)  JRF-115 

Fifty- three  ml  of  lOOjJ  nitric  acid  at  0°C 
was  added  to  5*355  gn  of  polyurethane  XI-A  (JRF-112).  After  standing  30  min 
at  C®C,  the  clear  solution  was  poured  into  1 liter  of  ice  water  and  the 
precipitated  polymer  was  filtered,  washed,  and  dried.  The  nitrated  product 
weighed  5.7U2  gm  (93%  of  theoretical).  It  softened  .Ji  the  range  55  to  60°C 
and  had  an  inpact  stability  of  26  cm/2  kg  relative  to  RDX  at  29  cm/2  kg.  The 
relative  viscosity  of  a solution  of  2,000  gm  in  100  ml  of  acetone  was  1,10, 

Anal,  calc'd  for  Cn^YjHii022i  2U.32;  2.U8;  ^N,  22.29 

Found;  %C,  2U.39;  %n,  2.39;  ^N,  22.02 

Heat  of  combustion  calculated;  2U20  cal/gn 

Found;  2U21;  cal/gm 

(It)  Preparation  of  Polyurethane  I-K:  3,3-E'ir.itro- 

l»5-p*^ntane  Diisocyanate  and  lt,lj,6,8,8- 
Pentanitro-1 ,11-undecanediol 

(a)  JRF-113 

Equivalent  amounts  of  the  monomers  (37,h 
gm  total  weight)  were  dissolved  in  h?  gm  of  anhydrous  dioxan.  Thi*ee  ml  of 
boron  trifluoride  etherate  was  added.  This  amount  is  equivalent  to 
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O.UO  eq,  BF^/eq,  of  Q^IOQ]  , The  mixture  evolved  heat  and  rapidly  became  more 
vljcoue.  After  the  Initial  reaction  was  over  the  tanperature  was  maintained 
at  140®C,  Viscosity  of  the  solution  vs  time  in  hours  is  listed  in  Table  ni. 


Time 

hr 

0 

1 

2 

3 

18 

h2 

SO 

138 


TABLE  m 

VISCOSITI  OF  POLTURETHANE  1-^  (JPJ-1I3)  AT  hO®C 
Viscosity 

centipoiee  Remarks 

10 

6l 

270 

Too  viscous  to  measure)  added  100  ml  dioxan 
22 

22  Added  li.6  ml  BF30(C2Hc)2  - 

0.60  eq.  BFv'oq.  (NOO) 

16  ^ 

16  ReiDOved  from  bath 


(b)  The  polymer  was  precipitated  into  water, 
washed,  vacuum  steam-distilled,  and  dried,  A yield  of  36.5  g»  {9T%  of  theo- 
retical) was  obtained.  Ihe  product  softened  in  the  range  35  to  and  had 
an  iiqjact  stability  >100  on/2  kg.  relative  to  RDI  at  29  cn/2  kg.  The 
relative  viscosity  of  a solution  of  2.00  gm  in  100  ml  of  acetone  was  1.U8  at 
25®C. 


Anal.  calc*d  for  Cj^8H27N903^B* 

Found: 

Heat  of  combustion  calculated: 

Found: 

Heat  stability  tests: 


%C,  32.88;  *H,  U.lU;  %H,  19.18 

%C,  33.06;  m.  U.h3;  18.88 

3555  cal/gn 
3563  cal/gB 

65.5^0  10  min 

13L.5^C  11  min;  exploded  after 
22  min 


(5)  Preparation  of  Polyurotliam I-KN : Nitration 

of  Polyurethane  I-K.  3. 3-Dinitro-l, 5-pentane 
Diisocyanate  and  U,  U,  6,8,8— Pentanitrx)-l,ll» 
undecanediol 


(c)  JRF-116 

Fifty-two  ml  of  100$  nitric  acid  at  0®C  was 
added  to  5.251  gm  of  polyurethane  I-K  (JRF— 113).  After  standing  30  min  at  0®C. 
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the  clear  solution  ttss  poured  into  I liter  of  ice  water  and  the  precipitated 
polymer  was  filtered,  washed,  and  dried.  The  nitrated  product  weighed  5»78U 
gm  (97^  of  theoretical).  The  pxoduci  softened  in  the  range  30  to  35°C  and 
had  an  ir^jact  stability  of  UO  cm/2  kg,  relative  to  RDI  at  29  cm/2  kg.  The 
relative  viscosity  of  a solution  of  2,000  gm  in  100  ml  of  acetone  was  1,37. 


Anal,  calc'd  for  C28H25N]j^022J 

Found: 


%C,  28.92;  3.37;  20.62 

1C,  29.37;  %H,  3.U.;  %a.  20.92 


Heat  of  combustion  calculated: 

Found: 


3075  cal/gn 
3015  cal/g® 


(6)  Preparation  of  Polyurethane  I-L:  3,3-Dinitro- 

1, 5-pentane  Diisocyanate  and  U, U, 6, 6,8,8- 
Hexanitro- 1 , U-undecanediol 

(a)  JRF-nU 


Equivalent  amounts  of  the  monMoers  (U5 

gm  total  weight)  were  dissolved  in  66  gm  of  dioxan.  Five  ml  of  boron  trifluorids 
etherate  was  added.  This  amount  is  equivalent  to  0,59  eq,  BF3/eq,  of  (NCO),  The 
mixture  evolved  heat  and  rapidly  became  more  viscous.  After  the  initial 
reaction  ras  over  the  temperature  was  maintained  at  liC^,  Viscosity  of  the 
solution  vs  time  in  hours  is  listed  in  Table  XIII. 

TABLE  XIII 

VISCOSITY  OF  POLrJRETHWJE  I-L  (JRF-llU)  AT  UO^C 


Time 

hr 

0 

1 

2 

17 

2U 

25 

89 

D7 


Viscosity 

centipoise 

10 

50 

167 


Remarks 


Efflux  time  10,2  sec 

Efflux  time  1^0,5  sec;  above  calibration  of 

viscosity  pipette. 

Efflux  time  uO.5  sec;  added  3.5  nil  BF30(C2H5)2 
- O.Ul  eq.  BFyeq.(NCO) 

Efflux  time  33,8  sec 

Efflux  time  33,6  sec 

Efflux  time  33,6  sec;  removed  from  bath 


(b)  The  polymer  was  precipitated  into  water, 
washed,  vacuum  steam-dtstJ lied,  and  dried,  A yield  of  U3.0  gm  (95,51  of 
theoretjcal)  was  obtained.  The  product  softened  in  the  range  35  ^o  U0®C  and 
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had  an  impact  stability  of  100  cm/ 2 kg,  relative  to  RDX  at  2?  zm/2  kg.  The 
relative  viscosity  of  a solution  of  2,00  gm  in  100  ml  acetone  was  1,36  at  25°C, 

Anal,  calc'd  for  ^*78;  3,73;  5CN,  19,9li 

Found:  33.06;  ^H,  U.87;  »,  20.12 


Heat  of  combustion  calculated:  3280  cal/gn 


Found:  3372  cal/ga 


The  analytical  values  are  poor  but  better  values  were  obtained  after  nitration. 

Heat  stability:  65,5°C  8 sin 

13U,5®C  8 min;  exploded 


(7)  Preparation  of  Polyurethane  I- IN:  Nitration  of 

PolyTirethane  I-L,  3, 3-Dinitro-l, 5-pentane 
Diisocyanate  and  Lt,  1:, 6,6,8, 8-Hexanitro- 1,11- 
undecanediol 


(a)  JRF-117 

Fifty- two  ml  of  IOO5E  nitric  acid  at  0°C  was 
added  to  5 •170  gm  of  polyurethane  I-L  (JRF-llU).  After  standing  30  min  at  0°C, 
the  clear  solution  was  poured  into  1 liter  of  ice  water  and  the  precipitated 
polymer  was  filtered,  washed,  and  dried.  The  nitrated  product  weighed  5»6U6  gm 
of  theorstical) , It  softened  in  the  range  30  to  35°C  and  had  an  impact 
stability  of  35  cm/2  kg,  relative  to  RDX  at  29  cm/2  kg.  The  relative  viscosity 
of  a solution  of  2,000  gm  in  100  ml  of  acetone  was  1.28. 


Anal,  calc'd  for  Ci0H2|^Nj^2®2U* 

Found; 


%C,  27.28;  %A,  3.05;  JfN,  21.21 
$tC,  27.85;  %li.  3.12;  20.79 


Heat  of  combustion  calculated: 

Found: 


2858  cal/gm 
2823  cal/gm 


(8)  Preparation  of  Polyurethane  I-H:  3, 3- Dinitro- 1,5- 
pentane  Diisocyaiate  and  5.5,5-Trinitro-l,2- 
pentanediol 


(a)  Since  no  analytical  method  is  available, 
equivalence  of  functional  groups  must  be  determined  by  a trial -and- err or  method. 
In  order  to  determine  whether  diol  which  had  not  been  previously  purified  via 
the  isopropylidene  derivative  might  be  used  for  polymerizations,  four  small- 
scale  polymerizations  of  this  type  have  been  carried  out.  In  this  set  of 
experiments  the  assumed  purity  of  the  diol  was  varied  from  9U  to  lOOJJ,  all  other 
variables  being  held  constant.  The  relative  viscosities  of  the  polymers  so 
obtained  varie'i  from  1,09  to  l.lU, 
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(b)  A portion  of  this. diol  was  purified  through 
the  isoprcj-ylidene  derivative.  Crystallization  of  this  derivative  was  d5.fficult 
to  initiate,  and  the  yield  was  very  low.  The  derivative  was  subsequently 
hydrolyzed,  the  diol  recovered,  and  another  run  (JKE-31)  using  the  purified  diol 
was  made.  The  relative  viscosity  of  this  polymer  was  found  to  be  1,17. 

(c)  Conclusions 

The  isopropylidene  purification  of  the  diol 
has  effected  no  appreciable  increase  in  relative  viscosity  of  polyurethane  I-H. 
However,  in  view  of  the  amount  of  boron  trifluoride  present  (30  to  hO  equiv.;5), 
and  the  results  of  the  polyurethane  I-A— boron  trifluoride  concentration 
experiment.^  it  may  well  be  that  the  effect  of  equivalence  on  molecular  weight 
has  been  masked  by  the  effect  of  the  high  concentration  of  boron  trifluoride. 
Further  study  is  scheduled. 


(d)  Experimental  (JKB-lli,  -18,  -19,  -20) 

The  monomers  (20  gm  total  weight)  were 

combined  in  25  ml  of  dioxan  at  room  temperature,  and  1 ml  of  boron  trifluoride 
etherate  was  added.  A temperature  of  50^  was  maintained,  and  the  viscosities 
of  the  reaction  solutions  were  measxired  periodically.  At  constant  viscosity, 
the  reaction  solutions  were  removed  from  the  bath  and  filtered;  the  polymer  was 
precipitated  in  water,  vacuum  steam- distilled  at  20  to  25°C,  and  dried  in  vacuo 
over  phosphorus  pentoxide.  The  relative  viscosities  were  determined  in  acetone 
solution,  at  a concentration  of  2.000  gm/100  ml  at  25°C.  • 

(9)  Preparation  of  Polyurethane  I-AN,  from  Nitration 
of  Polyurethane  I-A,  3, 3-Dinitro-l, 5-pentane 
Diisocyanate  and  2, 2- Dinitro- 1,3-propanediol 

(a)  Purified  anhydrous  nitric  acid  was  used  to 
nitrate  the  polymer  JKB-12  which  was  insoluble  in  acetone  and  EWF.°  The 
polymer  was  only  slightly  soluble  in  the  acid  at  0®C,  and  only  after  the  ter^jera- 
ture  had  been  raised  to  and  maintaiiied  at  uO^  lor  uO  min  did  the  polymer 
dissolve  completely. 


' I 

I I 
I 1 


f 


as  follows: 


(b)  The  data  on  the  postnitrated  polymer  are 


Polymer  Identification 

Polyurethane  I-^N  JKB-23 
Polyurethane  I-AN  Control* 


Yield  of 
Postnitrated 
Polymer,  % 

9U,U 

OR  n 
< 


Rel. 

Viscosity 


l.U* 

l.Uo 


Heat  of  Combustion 
cal/gm 

(Pred.  ■ 2320) 

2355 

2307 


*Control  was  from  poly’U’ethane  I-A  (K3F— Ul)  nitrated  with  100^  nitric  acid  far 
30  min  at  0°C,  Viscosity  of  the  polymer  before  nitration  was  1.69. 


7 

Section  II,  B,  2,  a,  (2),  above. 
®Ibid. 
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(c)  Conclusions 


In  view  oI  the  heat  of  combustion,  which 
agrees  well  with  the  predicted  value,  it  appears  that  the  polymer  has  been 
coo^Jletely  nitratedj  further,  the  agreement  of  the  predicted  and  experimental 
heats  of  combustion  of  the  postnitrated  polyurethane  I-A  is  much  better  than 
the  agreement  between  the  heats  of  combustion  (predicted  and  experimental)  of 
the  unnitrated  (JKE-12),  demonstrating  again  the  effect  of  nitric  acid  in 
removing  impurities  in  polymers. 

(d)  In  all  previous  post-polymerization 
nitrations,  the  nitric  acid  was  purified  by  distillation  from  a s\ilfuric  aci(^ 
nitric  acid  mixture  at  reduced  pressure.  The  elimination  of  the  purification 
step  would  be  very  desirable.  However,  commercially  available  anhydrous 
nitric  acid  contains  small  amounts  of  iapuritles  that  may  affect  adversely  the 
nitration  and  the  heat  stability  of  the  postnltrated  polyurethane. 


(e)  To  determine  the  utility  of  this  com- 
mercially available  nitric  acid  in  postnitration,  a sample  of  polyurethane  I-A 
was  nitrated  according  to  optimum  conditions  determined  for  this  polymer,  30 
min  at  0°C, 


Polymer 


Yield  of 

Heat  of  Combustion 

Postnltrated 

Rel. 

cal/gm 

Identification  Polymer,  % 

Viscosity 

(Pred.  - 2320) 

Polyurethane  I-AN 
Polyurethane  I-AN 


JHE-21 

Control* 


93.2 

98,0 


l.ltii 

l.hO 


Control  was  nitrated  with  distilled  100^  nitt'lc  acid. 


2270,  2276 
2307 


(f)  Larger  quantities  were  prepared  for  heat 
stability  tests.  The  postnitrated  polymers  were  washed  repeatedly  with  dis- 
tilled water  to  remove  the  nitric  acid,  then  tested  using  Picatinny  Arsenal 
test  procedure  No,  H»01  (Kl-starch  paper  test  at  65,5®C)  and  the  method 
described  in  OSRD  3U01,  p.  8 (mett^l  violet  paper  at  13U.5^C). 


Thermal 

Stability 

Polymer 

Identification 

Kl-S'-arch 

at 

65 

Methyl  Violet 
at 

"?U.5°c 

Remarks 

Polyurethane  I-AN 
JRF-121 

Nitrated  with 
commercial  acid 

5 min 

no  failure 

Slew  decom- 
position 
after  13  min 
at  13L.5°C 

Polyurethane  I-AN 
JRF-  L^:o 

Nitrated  with 
purified  acid 

5 min 

no  failure 

Slow  decom- 
position 
after  13  min 
at  13U.5°C 
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(g)  An  eai'lier  preparation  of  polyurethane 
I-AN,  described  in  the  SPIA  date  sheet,  failed  after  Hi  min  at  65,5°C.  It  was 
suspected  that  insufficient  washing  of  the  postnitrated  polymer  was  the  cause 
of  this  discrepancy.  Both  JRF-120  and  JRF-121  were  washed  with  dilute  sodium 
bicarbonate  solution  in  the  Waring  Blender,  filtered,  water-washed,  and  dried. 


Polymer 

Identification 

Thermal  Stability 

Kl-Starch 

at 

65.5°c 

Remarks 

Polyurethane  I-AN 

Nitrated  with 

3 min 

Both  samples  swelled 

(JRF-12LJL) 

comBcercial  acid  & 

after  20  hr  at  ^.5°C 

washed  with  NaHCOj 

150  min 

Polyurethane  I-AN 

Nitrated  with 

>U8  hr 

One  sample  swelled 

(JRF-120-A) 

purified  acid  & 

after  20  hr  at  65.5°C 

washed  with  NaHCOj 

>UB  hr 

(h)  Conclusions 

A thorough  washing  of  the  postnitrated 

polymer  is  essential.  Coamercial  anhydrous  nitric  acid  should  be  purified  in 
order  to  obtain  maximum  heat  stability  of  the  postnitrated  polymer. 

(i)  Experimental  (JRF-120) 

Two  hundred  and  fifty  ml  of  distilled 

anhydrous  nitric  acid  was  added  to  25  gm  of  polyurethane  I-A  (JRF-38),  After 
standing  30  min  at  0°C,  the  clear  solution  was  poured  into  1500  ml  of  ice  and 
water.  The  precipitated  polymer  was  filtered,  water-washed,  and  dried,  Usir^ 
Picatinny  Arsenal  test  procedure  No,  lUOl,  Kl-starch  paper  tecame  colored  after 
5 min  at  65»5®C,  Using  the  method  described  in  OSRD  31ibl,  p,  8,  methyl  violet 
paper  did  not  change  color  but  the  sample  swelled  and  started  to  decompose 
after  13  min. 


(j)  JRF-121 


The  procedure  was  identical  with  that 

described  above.  Baker  and  Adamson  eoBssercial  anhydrous  nitric  acid  was  used. 
The  heat  stability  test  results  were  identical  with  those  of  JRF-120, 

(10)  Attempted  fh*eparation  of  Polyvipyl  3,3,3- 
Trinitropropyl  Carbamate 

(a)  Discussion 

Attempts  to  prepare  polyvinyl  3,3,3- 
trlnitrcpropyl  carbamjate  from  polyvinyl  alcohol  and  3,3,3-trinitropropyl 
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isocyanate  were  described  in  the  previous  quarterly  report.  These  attempts 
included  the  use  of  dioxan  and  dl^thylsulfolane  as  solvents  and  boron 
trifluoride  etherate  as  catalyst.  In  all  cases  starting  material  was  re- 
covered. Another  attempt  was  made  to  prepare  the  desired  carbamate,  this 
time  using  polyvinyl  alcohol  which  was  specially  pretreated  by  swelling  in 
water  and  acetone.  A product  was  obtained  which  was  insoluble  in  water,  but 
elemental  analysis  showed  that  only  a small  portion  of  the  hydroxj’-ls  had 
reacted  to  form  carbamate  linkages.  This  work  will  be  discontinued. 

(b)  Experimental 

1 Polyvinyl  alcohol  (2.5  gm  of  law- 
viscosity  Elvanol  70-05)  was  dissolved  in  25  ml  of  water  by  first  preparing 

a slurry  in  a small  amoxmt  of  water,  adding  more  water,  and  heating  on  a steam 
bath.  The  clear  solution  was  added  to  150  ml  of  acetone,  with  stirring.  The 
swollen  polyvirryl  alcohol  irtiich  precipitated  was  collected,  pressed  dry,  and 
placed  in  a flask  attached  to  a Dean-Stark  water  trap.  Benzene  was  added  and 
the  mixture  was  heated  until  no  more  water  was  collected.  The  anhydrous 
polyviryl  alcohol  was  filtered  and  pressed  dry  of  benzene. 

2 Swollen  polyvinyl  alcohol  (0,3  gm) 
was  covered  with  2.0  gm  of  3,3,3-trinitropropyl  isocyanate  and  five  drops  of 
boron  -trifluoride  etherate  was  added.  The  mixture  was  stirred  and  heated  at 
50°C  for  18  hr,  after  which  2,0  ml  of  dimethylsulfolane  was  added.  After 
stirring  for  a total  of  96  hr,  the  clear,  viscous  mixture  which  resulted  was 
poured  into  water.  The  semi-solid  mass  which  separated  was  collected  by 
centrifuging,  and  was  then  triturated  several  times  in  methanol,  water,  and 
acetone.  Elemental  analysis  of  a dried  sas^le  showed  1.13^  nitrogen. 

3,  Polyesters 


a.  Atten^jted  Esterification  of  Polyvinyl  Alcohol  - 
Discussion 

(1)  F\jrther  attempts  were  made  to  prepare  polyvinyl 
li,h,li-trinitrobutyrate  by  the  direct  esterification  of  polyvinyl  alcohol. 

The  action  of  U,l4,U-trinitrobutyryl  chloride  on  polyvinyl  alcohol  was  studied 
and  found  to  give  a black  amorphous  solid  which  was  insoluble  in  water, 
acetone,  methylene  chloride,  and  dioxan.  Quantities  of  hydrogen  chloride  gas 
were  evolved.  It  appears  likely  that  the  acid  catalyzed  the  dehydration  of  the 
polyvinyl  alcohol  to  tlio  corresponding  conjugated  olefinic  polymer,  thus 
accounting  for  the  black  color.  In  order  to  avoid  this  undesirable  side 
reaction,  pyridine  was  employed  in  a series  of  reactions,  even  though  basic 
reagents  are  known  to  catalyze  the  decofiposition  of  the  trinitromethyl  group. 

To  avoid  the  effect  of  pyridine  on  the  trinitromethyl  group  a mixture  of 
acetic  acid  and  pyridine  was  used,  and  it  was  hoped  that  the  following 
reactions  would  take  place. 
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(1)  4(pi-CH24^  ♦ (N02)3CCH2CH2COC1  -(CH-CH2)-^  ♦ HCl 

CH  acid  0C-CH2CH2C(N02)3 

0 


(2)  HCl  ♦ 


0 


CH3C, 


/ 


\ 


CH 


♦ CH3C0CH 


B 


After  three  att«ipts,  a substance  was  isolated  which  showed  3»$7%  nitrogen. 
Howerrer,  observations  during  the  progress  of  the  reaction  indicated  some 
decomposition  of  the  reactants  (continuous  gassing). 

(2)  An  attempt  was  made  to  react  poly\rinyl  alcohol 
with  U,U,h-trinitrobutyric  anhydride  and  U,U,U-trinitrobutyric  acid  at  90°C, 
at  which  teiqperature  the  mixture  formed  a melt.  Boron  trifluoride  etherate 
was  used  as  the  catalyst.  Polyvinyl  alcohol  was  recovered  unchanged.  The 
same  reaction  at  60%,  using  swollen  polyvinyl  alcohol  and  zinc  chloride  as 
a catalyst,  gave  a product  which  contained  1.02^  nitrogen. 

(3)  The  reaction  between  polyvinyl  alcohol  and 
U,U,U-trinltrobutyric  anhydride  was  tried  in  mixed  alkane  sulfonic  acid  (ol>- 
tained  from  the  Standard  Oil  Co.  of  Indiana,  equivalent  weight  110).  At  O^C, 
polyvijTyl  alcohol  was  recovered  in  a highly  swollen  state.  The  same  reaction, 
when  carried  out  at  room  tesf>erature,  gave  a black  product  which  was  Insoluble 
in  acetone,  methanol,  and  water. 

b.  Attempted  Esterification  of  o^-Celliilose  - Discussion 

(1)  Attempts  were  continued  to  coi^letely  ester^  <'y 
•t-cellulose  U,U,U-trinitrobutyrate  (U.lTjf  nitrogen)  with  U,li,U-trinitrobutyric 
anhydride  and  various  catalysts.  Since  sulfuric  acid  appeared  to  be  the  best 
catalyst  (8,1^^  nitrogen)  an  additional  experiment  was  carried  out  in  which 
the  tenperature  was  raised  to  85°C,  as  congjared  with  the  temperature  of  50 

to  60°C  used  previously.  The  product  (8.355?  nitrogen)  obtained,  however,  was 
not  much  better  than  the  substance  obtained  at  the  lower  temperature.  The 
reaction  between  partially  esterified  o«-ceilulose  obtained  from  wood  pulp 
(SN-UO-A,  Brown  Co.)  and  U,U,iji-trinitrobutyric  anhydride,  using  sulfuric  acid 
as  a catalyst,  gave  a {product  which  contained  6,h^%  nitrogen. 

(2)  The  use  of  boron  trifluoride  etherate  as  a 
solvent  was  also  warrant^,  since  previous  work  showed  that  increasing  the 
amount  of  boron  trifluoride  etherate  increased  the  percent  of  esterification. 
This  was  tried,  but  only  a dark  brown  product  was  isolated.  It  was  not  in- 
vestigated further. 
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(3)  When  mixed  alkane  sulfonic  acid  was  used  as  a 
catalyst,  a product  which  contained  6,07jC  nitrogen  was  obtained, 

U,  Polyoxyethylenes 

a.  Attempted  Polymerisation  of  Glycidyl  U,U,U-Trinitro- 
butyrate 

(1)  Discussion 

(a)  The  literature^  indicates  that  alkaline 
catalysts  lead  to  polyoxyethylenes  of  higher  molecular  weight  than  do  acidic 
catalysts,  Lohmann  also  cites  trietfyl  phosphine  as  an  effective  catalyst  for 
higher-molecular-weight  polyoxyethylenes.  Four  alkaline  agents,  triethyl 
aadne,  triamyl  amine,  benzyl  trimetf^l  ammonixim  butoxide,  and  powdered  soft 
glass,  have  been  used  as  catalysts  for  the  polymerization  of  glycidyl 
trinitrobutyrate.  These  have  yielded  products  that  are  principally  starting 
material,  the  relative  viscosity  of  a 2^  solution  in  acetone  being  only 
slightly  higher  than  the  value  of  l,Oli  for  the  monomer.  The  dark  red-broYm 
color  of  the  reaction  product  from  the  three  amines  used  indicated  degradation 
of  the  trinitromethyl  group.  Neither  triphenyl  nor  triethyl  phosphine  were 
effective  catalysts.  The  latter  compound  was  sufficiently  alkaline  to  degrade 
the  trinitrometl^l  group,  as  indicated  by  the  dark  red-brown  color  derve loped. 


(b)  The  acidic  agents,  an  alkane  sulfonic  acid 
(equivalent  weight,  110),  boron  trifluoride  in  carbon  tetrachloride,  and 
hydtogen  chloride  in  carbon  tetrachloride,  were  also  ineffective  as  catalysts 
for  the  polymerization  of  glycidyl  U,U,U-trinitrobutyrate, 


XIV  and  XV, 


(2)  Experimental 

The  experimental  work  is  summarized  in  Tables 


O 

'H,  Lohmann,  in  H,  Staudinger.  Die  hocheaolekularen  Verbindungen  (T.  Springer, 
B^lin,  1532),  p,  287}  H,  R,  Fife  and  F,  H.  Roberts,  British  Patents  No, 
58U367,  60160L,  610505. 
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TABLE  XIV 


POLYMERIZATICNS  OF  GLYCIOTL  UJi.li-TRINITRCBUriRATE, 
CATALYZED  BY  ACIDIC  AGENTS 


Run  No. 

Uol^  Catalyst 
Based  on  GTNB 

1 

• 

• 

o 

o 

Time 

hr 

Rel.  Vis.,  2% 
in  Acetone 

WB-lAc 

1 of  alkane 
sulfonj.c  acid 

Uo  to  50 

3 

1.0U5 

Same  batch 

Room  temp. 

13  days 

1.0U5 

WB-2AC 

1 of  hydrogen 
chloride 

77* 

12 

1.0U5 

W&.16B 

1 of  boron 
trifluoride 

Room  temp. 
77* 

1} 

uoh 

1 

• 

WB-17B 

1 of  boron 
trifluoride 

77* 

18 

1,0k 

*Refluix 

in  carbon  tetrachloride. 

TABI£  XV 


POLYUERIZATICKS  OF  GLYCIDYL  U.U.UTRINiraOBOTYRATE, 
CATALYZED  BY  AIi(ALINE  AGENTS 


Run 

No. 

Uol^  Catalyst 
Based  on  GTNB 

Tens). 

°C 

WB-IP 

1 of  triphei^yl 
phosphine 

liO  to  50 

WB-2P 

1 of  triethyl 
phosphine 

Uo  to  U5 

WB-3P 

5 of  triethyl 
phosphine 

Uo  to  U5 

WB-lAl 

1 of  triethyl 
amine 

Uo  to  50 

WB-2A1 

1 of  trianyl 
amine 

Uo  to  5o 

Room  teiip. 

WB-3A1 

i of  benzyl  tri- 
methyl ammonium 
butoxide 

Uo  to  Ul 
Room  ten^. 

WB-bAl 

$%  by  weight  of 
soft  glass  (270 
to  325  mesh) 

Uo  to  U5 

Room  temp. 

Time 

hr 

Appearance 

Rel.  Vis.,  ; 
in  Acetone 

3 

noiv-viscous, 
pale-yellcM  oil 

1.03 

2U 

mod,  viscous, 
light-brown  oil 

1.0U5 

18 

mod.  viscous, 
red-brown  oil 

1.0U5 

3 

red-brown  oil 

l.OU 

A 

90  f 

red-brown  oil 

1.0U5 

2-1/21. 

red-brown  oil 

1.0U5 

90  J 

■ 

3 ] 

13  day^ 

^ pale-yellcsr  oil 

1.0U5 
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III,  TECHNICAL  PROGRESS:  PHYSICAL  STUDIES 

A,  SOLUBILITT  PARAMETERS  OF  2, 2-DINITRO-l, 3-PROPANEDIOL 

The  solubilities  of  2, 2-dinitro-l, 3-propanediol  were  deterained 
in  acetone,  in  methanol,  and  in  ethanol,  and  from  these  values  the  entropy  of 
fusion  at  the  melting  point,  AS^,  and  the  solubility  parameter,  of  ths 
2, 2-dinitro-l, 3-propanediol  wero  calculated,^®  The  results  are  presented  in 


the  table 

below.  It  will  be 

noted  that  the 

entropy  of  fusion 

for  this  com- 

pound  is  unusually  low. 

Solubility 

Volume  Fraction 

< 

4 

(cal*cm*“3)l/ 

Solvent 

gjaJlOO  ml 

Solute,  ^ 

cm*  gm-mol“^ 

Acetone 

180 

0.5U2 

3,56 

10.9 

Methanol 

2U6 

0.615 

Acetone 

180 

0.5)42 

3,30 

10,9 

Ethanol 

176 

O.53I4 

Methanol 

2U6 

0.615 

3,)43 

10.9 

Ethanol 

176 

O.53I4 

Mean  3^37 

B,  SPECIFIC-IMPULSE  aiCUUTIONS 

1,  During  the  past  quaz*ter  the  specific-impulse  table  presented 
in  Aerojet  Report  No,  5u0,  Appendix  A,  has  been  revised  and  greatly  enlarged. 
These  data  are  presented  in  Table  I7I,  The  diols  react  with  diacid  chlorides, 
diisocyanates  and  formaldehyde  to  fora  polyesters,  polyurethanes,  and  acetals, 
respectively.  The  diamines  react  irith  diacid  chlorides  and  diisocyanates  to 
fora  polyamides  and  polyureas,  respectively.  In  certain  special  cases  diols 
in  which  the  hydroxyl  groups  are  alpha  to  a gem  dinitrcnethyl  group  may  con- 
dense with  diamines  to  produce  polyamines.  Values  prefixed  by  the  notation  PN 
were  calculated  assuming  that  all  hydrogen  atoms  bouixl  to  nitrogen  in  the 
polymer  have  been  replaced  with  nitro  groups,  by  tueans  of  a postnitration 

process.  The  prefix  -j-  denotes  calculations  based  on  the  assumption  that  cne- 

half  of  these  labile  t^rogens  have  been  replaced  by  nitro  groups;  e^erience 
has  shown  that  this  "half-nitration"  takes  place  stoichioostrically  with  the 
polyureas, ^ 


2,  In  addition  to  the  above-mentioned  table,  calculations  of 
specific  impulse  have  been  made  for  seven  nitro  monomers  which  are  currently 
under  consideration.  These  values  are  listed  in  Table  IVII, 


^°Using  the  method  described  in  Aerojet  Report  No,  538,  pp,  15-1?, 
^Aerojet  Report  No,  5L0,  pp,  13-lii, 
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IV.  TECHNICAL  FROCRESS:  RHEOLOGY  OF  NITRO  POLYMHtS 


A.  INTRODUCTION 

1,  The  following  material  is  an  excerpt  fl*om  work  conducted 
under  Contract  NOa(s)  52-359. 

2.  The  rheological  properties  of  various  experimental  nitro 
polymers  synthesized  at  Aerojet  are  to  be  determined  for  use  in  (a)  the 
selection  of  materials  for  further  investigation,  (b)  the  selection  of  suitable 
propellant- grain  manuf'acturlng  processes,  and  (c)  the  characterization  of  the 
mechanical  properties  of  nitro  polymers  at  the  various  temperatures  to  which 
propellant  grains  are  exposed  in  application.  The  rheological  data  are  to  be 
fitted  by  a suitable  equation  of  state. 

B.  FAffilCATION  OF  SFECIlffiNS 

1,  Attempts  to  extrxide  the  polyurethane,  I-A,  of  3,3-dinitro-l,5- 
pentanediisocyanate  and  2, 2-dinitro-l, 3-propanediol  through  a 3/32- in,  die  have 
been  unsuccessful.  The  maximum  pressxire,  19,000  psi,  of  the  extrusion  press 
did  not  cause  extrusion  below  200®F,  but  at  220<>F  a greatly  enlarged  strand  of 
porous  material  with  a specific  gravity  of  only  0.6U  was  produced.  The 
specific  gravity  of  a pellet  molded  with  the  Carver  press  was  1,57.  Apparently 
the  polymer  deccanposed  to  some  extent  at  the  high  extrusion  temperature,  A 
3/l6-in,  die  will  be  made  to  permit  extrusion  at  lower  temperatures, 

2,  Sheets  of  nitro  polymers  listed  in  Table  XVIII  were  pressed 
on  the  Carver  platen  press,  but  the  sheets  were  brittle  and  could  not  be  cut  to 
size.  Strip  specimens  of  polyurethane  I-A  were  pressed  under  the  Carver  press 

TABLE  XVIII 

CCMPRESSION  MOLDING  OF  SHEET  SPECIMENS  OF  NITRO  POLYMERS 


Identification 


I-A 


II-A 


III-A 


Composition 


Polyurethane  of  3,3-  Polyester  of  U,li-  Polyurea  of  3,3- 

dinitro-l,5-pentano-  dinitro-1, 7-hep-  dinitro-l,5-pentane- 

diisocyanate  and  2,2-  tanedipyl  chloride  diisocyanate  and 

dinitro-1, 3-propanodiol  and  2,2-dinitro-  3,3-dinitro-l,5- 

1, 3-propanediol  pentanediamine 


Molding  Tenp.,  °F 
Holding  Press.,  psi 


160  to  180 
1800 


Various 

Various 


220  to  2U0 
LbOO 


Results 


Etittle,  could  not  be  Crazed  upon 
cut  on  a hot  plate  at  cooling 
160®F 


Brittle,  could  not 
be  cut 
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inside  a 1/2-in,  x 1-7/6-in,  x 0,020-in.  confining  shim.  These  were  used  in 
subsequent  creep  tests.  However,  a molding  die  for  pressing  strip  specimens 
to  final  dimensions  without  cutting  has  been  designed,  and  will  be  con- 
structed to  permit  preparation  of  specimens  with  more  closely  controlled 
dimensions, 

C.  CREEP  MEASUREMENTS 

1,  The  creep  of  polyurethane  I-A  at  160^F  has  been  measured 
under  an  initial  stress  of  275  psi  for  a period  of  100  sec,  which  corresponds 
to  a logarithmic  strain  of  b2,6<.  The  final  stress  was  estimated  to  be  0,9 
of  the  initial  stress.  The  test  was  interrupted  by  a mechanical  interference 
within  the  rheometer.  A log-log  plot  of  compliance,  which  is  the  reciprocal 
of  the  apparent  modulus,  vs  time  is  shown  in  Figure  8,  After  the  test,  the 
specimen  was  observed  to  be  markedly  nonuniform  in  cross-sectional  area. 

2,  Creep  tests  on  polyurea  III-A  have  been  run  at  temperatures 
from  138  to  176°F  and  at  stresses  from  h20  to  l6l0  psi  for  periods  as  long 

as  19  hr.  From  these  data  plots  of  log  compliance  vs  log  time  were  madej 
these  plots  are  shown  in  Figure  9.  The  overlapping  of  curves  for  different 
temperatures  indicates  the  need  for  additional  studies  of  the  reproducibility 
of  the  measurements  at  a single  temperature, 

3,  An  investigation  of  the  error  in  compliance  resulting  from 
errors  in  the  determination  of  elongation  was  made.  The  following  values 
were  calculated  for  errors  of  1 and  3 mm  in  the  determination  of  elongation, 
assuming  an  initial  length  of  25*U  ram. 


Specl-n  Ungth  Co..yll.nce  Error,  % 


mni 

1 mm 

3 an 

26 

19U 

583 

26 

37.5 

113 

30 

20,00 

60 

Hence,  if  the  specimen  slips  or  if  there  is  slack  or  unnecessary  stretching, 
the  compliance  may  be  greatly  in  error.  Because  of  the  magnitude  of  this 
effect,  the  specimen  clamp  holders  have  been  fixed  rigidly  to  their  supports 
by  means  of  screws,  in  an  effort  to  obtain  reproducible  data.  Although  tne 
initial  length  of  the  specimen  will  not  be  known  accurately,  it  will  always 
be  the  same  for  each  run. 
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Figxire  8 


K.  Ikr*  »*4  4.  T*  r*4*l«*7, 
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D.  BUBBLE  FORMATION  IN  PCLTUREA  III-A  AT  ELEVATED  TE?'PER.\TURES 

At  elevated  temperatures  during  creer  te<"ts  the  occurrence  of 
small  bubbles  in  polyurea  Ill-A  has  teen  observed.  It  was  necessar.-  tc  deter- 
mine whether  these  bubbles  were  the  result  of  decomposition  cr  moisture  in 
the  polymer,  A sample  pressed  on  the  Carver  press  was  placed  in  an  evacuated 
tube  connected  to  a manometer.  Tlie  whole  system  was  then  heated  to  '^3.6'^C, 
and  the  pressure  was  recorded  periodically.  After  900  min  the  pressure  of 
the  evolved  gases  leveled  off.  V/hen  the  temperature  was  raised  to  33,C®C, 
the  pressure  increased  and  then  leveled  off  again.  Use  of  the  ultimate 
pressure  obtained  and  of  the  perfect-gas- law  expression  yielded  an  average 
molecular  weight  of  19.  In  addition,  at  room  temnerature  the  pres"ure  of 
the  gaseous  products  corresponded  to  the  vapor  pressure  of  water  at  that 
temperature.  Because  the  pressure  did  not  increase  continuously,  as  might 
be  esrpected  in  decom.position,  the  evidence  suggests  that  water  is  sorbed  in 
the  polymer, 

7.  TECHNICAL  PROGRESS;  BALUSTIC  STUDIES 

A.  INTRODUCTION 

1,  The  following  discussion  is  an  excerpt  from  work  conducted 
under  Contract  NOa(s)  52-359* 

2,  The  present  report  introduces  a new  phase  in  the  nitro 
polymer  program.  The  purpose  of  this  phase  will  be  to  determine  the  various 
ballistic  properties  of  formulated  nitro  polymers  so  as  to  eval'uate  their 
utility  as  potential  solid  propellants.  Some  initial  studies  on  the 
Crawford-bomb  burning  rate  of  polyurethane  I-A  are  described  in  this  report, 

B.  CRA'.TF0RD  BOMB  BURNING  RATES  OF  POLYURETHANE  I-A 


1,  Small  samples,  which  were  cut  from  a molded  disk  of 
polyrurethane  I-A  (from  3, 3-dinitro-l, 5-pentane  diisocyanate  and  2,2-dinitro- 
1,3- propanediol)  were  burned  at  60°F  in  a Crawf'-rd  bomb.  The  burning  rates 
obtained  were: 


Pressure 

psia 


Burning  Rate  at  60°F 
(0,5-in,  interval) 

in,  sec"l 


515 

1015 

2015 


0.0315 

o.iliU 

0.215 


The  results  are  plotted  in  Figure  10, 
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Figure  10 
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I 
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2.  The  pressure  exponent 


r 

where  r is  the  linear  burning  rate  in  in.  sec”^,  p is  the  pressure  in  psia,  and 
n «md  c arc  constants,  is  approximately  0.7  over  the  pressiire  range  ftron  515  to 
2015  psia.  The  burning  rate  of  this  propellant  at  a given  pressure  is  therefore 
about  half  that  of  the  Aeroplex  propellant  AN-525J» 

3*  The  autoignition  ten^)erature  of  the  propellant  was  liIi5°F,  as 
compared  with  U90  to  510°F  for  an  Aeroplex  AII-525  propellant.  The  autoignition 
temperature  is  the  temperature  at  which  a small  sample  inserted  in  a copper 
block  will  ignite  when  the  block  is  heated  at  a fixed  rate  of  17  to  20®F  mirrl. 


n,  in  the  burning  rate  equation 
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VI.  TECHNICAL  PRCMRESS;  CRQANIC  STNTHESIS 
A.  PREPARATION  OF  NITRO  OlEFINS 

1,  Introduction 

Polymerizable  nitro  olefins  continue  to  be  of  great  interest 
far  the  preparation  of  propellant  materials.  Those  of  particular  interest 
are  the  acxrlates  and  methacrylates  of  polynitro  alcohols.  The  present 
report  deals  with  the  establishment  of  improved  procedures  for  the  preparation 
of  2,2-dinitrobutyl  and  2,2-dinitropropyl  acrylate.  In  addition,  a description 
of  work  leading  to  the  preparation  of  substituted  acrylic  acids  containing 
nitro  groups  is  presented.  Dehydration  studies  on  5»5,5-trinitro-2-pentanol, 
in  order  to  prepare  a trinitropentene,  are  also  described, 

2,  The  Preparation  of  Esters  of  Polynitro  Alcohols 
a.  Discussion 

(1)  Plaut  and  Rittor^^  reported  the  reaction  of 
secondary  and  tertiary  alcohols  with  unsaturated  nitrides  such  as  acrylo- 
nitrile, to  yield  unsatiirated  amides.  The  follovring  e>ioation  indicates  how 
this  reaction  dould  be  used  to  prepare  nitroacr>l amides: 


N02 

CH2-CH-CN  ♦ CH3-C-CH2CH 

NO2 


0 NOo 

1'  ' 

^ CH2-CH-C-NH-CH2-C-CH3 

NO2 


Using  the  procedure  reported,  a mixture  of  2, 2-dinitro- 1-propanol  and 
acxylonitrile  in  sulfuric  acid  yielded  no  vrater- insoluble  material.  'When  a 
solution  of  2,2-dinitro-l-prop>anol  and  acrylonitril.e  in  acetic  acid  was 
treated  with  sulfuric  acid  and  poured  onto  ice,  an  oil  was  obtained  which  was 
identified  as  2, 2-dinitro- 1-propyl  acetate  ir.stead  of  the  expected  amide, 

(2)  In  order  to  make  use  of  this  reaction  for  the 
preparation  of  acrylates,  a solution  of  2, 2-dinitro- l-propanol  in  an  excess 
of  acrylic  acid  was  treated  with  sulfuric  acid.  The  reaction,  idiich  proceeded 
according  to  the  equation 


NOo 
I ^ 

CH3C-CH2OH  ♦ CH2-CH-COOH 

NO2 


HoSOU^ 


NO2 

CH3C-CH2-O-CO-CH-CH2 

NO2 


Am.  Chem.  Soc.,  73,  U076  (1951). 
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gave  a 56i6  yield  of  crude  ester  which  on  distillation  yielded  sui  oil  with  the 
proper  refractive  index. 


(3)  2, 2-Dinitro- 1-butanol  in  excess  acrylic  acid  was 

treated  with  sulfuric  acid  at  room  ten?)erature  in  a manner  similar  to  that  used 
in  the  preparation  of  the  ccrresponding  propyl  derivative.  This  gave  the 
crude  acrylate  in  a yield  of  3h^. 

(U)  In  view  of  the  small  yields,  this  method  of 
preparation  of  the  dinitroacrylates  does  not  seem  to  possess  an  advantage  over 
the  old  method.  This  is  especially  true  since  this  new  method  probably  does 
not  obviate  the  problem  of  purification  of  the  acrylate  ester  itself, 

b.  Experimental 

(1)  2,2-Dinitropropyl  acrylate:  An  Erlenmeyer  flask 

was  charged  with  15-ml  acrylic  acid  (containing  0.1$  trinitrobenzene)  and  6 gm 
(O.OI4  mol)  of  2, 2-dinitro- 1-propanol.  The  addition  of  7 gm  sulfuric  acid  to 
this  solution  caused  darkening  and  some  heat  evolution.  After  standing  over- 
night the  mixture  was  poured  onto  ice  and  water.  The  heavy  oil  was  taken  up 
with  25  ml  methylene  chloride.  The  methylene  chloride  solution  was  washed 
twice  with  water,  dried  for  a short  time  over  anhydrous  sodium  sulfate,  and 
evaporated  to  dr^ess.  The  residue  was  U.5  gm  (56$)  of  an  oil.  Some  of  this 
material  was  distilled  from  a bulb  tube  at  0*5p  pressure  and  in  an  air  bath  at 

70  to  80°C.  A faintly  yellow  distillate  resulted  (n^^  • 1.U590).  The  reported 

value  for  2, 2-dinitro- 1-propyl  acrylate  is  • 1.U600. 

(2)  2 , 2-Dinitrobutyl  acrylate:  A flask  was  charged 

with  6,U  gm  (O.Ol:  mol)  of  2, 2-dinitro- 1-butanol  and  10  ml  (0.15  mol)  of  acrylic 
acid  (containing  0.1$  trinitrobenzene).  To  this  solution  was  added  5 ml 
sulfuric  acid.  This  caused  darkening  and  heat  evolution.  A small  sample  added 
to  water  produced  only  a trace  of  oil.  After  standing  at  room  temperature  for 
two  days,  the  mixture  was  poured  onto  ice  and  water.  This  gave  a heavy  brown 
oil.  The  mixture  was  extracted  first  with  $0  ml, then  with  25  ml  cyclohexane. 
Not  all  the  brown  oil  dissolved.  The  cyclohexane  solution  was  washed  well 
with  water  and  after  addition  of  a small  quantity  of  trinitrobenzene,  dried 
over  sodium  sulfate.  On  evaporation,  there  was  left  3 gm  (3U$)  of  an  oil, 

• 1.U585.  The  reported  value  for  2, 2-dinitro- 1-butyl  acrylate  is 
n^^  - 1.5575-83. 

3,  The  Purification  of  Dinitrobutyl  Acrylate 
a.  Discussion 

(1)  Dinitrobutyl  acrylate  has  been  found  to  be  an 
important  basic  fuel  for  solid  propellants  in  the  nitro  polymer  and  Aeroplex 
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programs.  In  addition,  dinitrobutyl  acjrylate  is  used  in  its  polymeric  form 
for  the  coating  of  RDX.  The  coiopound  was  originally  prepared  according  to 
the  following  equations: 


CH3CH2CH2NO2  ♦ CH2O  ♦ NaCH  

N02Na 

II 

CH3CH2^CH2CH  ♦ NaN02  ♦ 2AgN03 


NO^Na 

CH3CH2C-CH2OH  4 H2O 
NOo 


CH3CH2C-CH2CH 

J1O2 


i;rn  ; 


NOj  NO2  i 

CH3CH2^;-C5i2CH  ♦ CW2-CH-COCH  ■■  CH3CH2^CH20-C0CH-CH2  |' 

NO2  NO2 

:| 

This  synthesis  seems,  at  first  sight,  to  be  straightforward.  However,  ji 

although  the  physical  constants  and  analysis  corresponded  with  the  predicted, 
several  batches  of  this  compour^  exhibited  different  physical  properties  on  , 

polymerization.  I 

I . 

(2)  The  follcTiTing  factors  must  be  considered  if  !( 

dinitrobutyl  acrylate  is  to  be  purified,  since  the  purification  cannot  i' 

be  accon?3lished  by  distillation  or  by  crystallization.  The  chemistry  of  the 
preparation  of  2,2-dinitrobutanol  is  more  involved  than  can  be  expressed  by 
the  simple  equation  above.  The  conversion  of  1-nitropropane  to  sodium  ;• 

2-nitrobutanol  using  formaldehyde  and  sodium  hydroxide  actually  does  not  i| 

proceed  according  to  the  over-all  equation  listed  above,  but  according  to  the 
following  two  equations: 


NOo 

CH“  • 

CH3CH2CH2NO2  ♦ 2CH2O  -»  CH3CH2C-CH2OH 

CH2CH 


NOo 

I ^ 

CH3CH0C-CH2CH  ♦ NaCH 


|0CWa 

CH3CH2C-CH2CH  + CH2O 
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The  first  reaction  is  very  rapid.  The  second  reaction,  in  r<hich  the  fornjaticn 
of  the  acjp«odiuin  salt  liberates  formaldehyde,  is  slcnr.  The  liberated  fomalde- 
hyde  is  in  turn  consumed  again  in  the  first  reaction  with  the  remaining  nitro- 
propane;  thus  the  process  starts  again,  and  this  cycle  continues  until  all  the 
nitropro|jane  is  consumed.  However,  in  these  reactions  some  of  the  side 
products,  i,e,,  unreacted  1-nitropropane  in  form  of  its  sodium  salt  and  2-ethyl- 
2- nitro- 1,3-propanediol,  will  always  be  carried  down  in  the  main  product.  The 
whole  system  is  water-soluble  and  may  consequently  be  used  for  the  oxidative 
nitration. 


(3)  Because  most  of  the  solution  used  is  sodium 
mononitrobutanol  it  is  safe  to  say  that  the  main  product  after  the  oxidative 
nitration  will  be  2,2-dinitrobutanol,  The  side  products  of  the  first  step 
in  the  reaction  must  also  be  considered  in  the  oxidative  nitration.  The  2- 
ethgrl-2-nitro-l, 3-propanediol  does  not  take  part  in  the  oxidative  nitration, 
but  the  sodium  salt  of  i-niircpropane  will  be  convoluted  into  the  1,1-dirdtro- 
propane.  In  addition,  because  of  the  pH  change  during  the  oxidative  nitration 
some  of  the  sodium  salt  of  2-nltrobutanol  will  be  reconverted  to  2-nitrobutanol. 

(U)  In  the  esterification  all  the  alcohols  present 
are  converted  Into  the  acrylates  in  a straightforward  reaction  and  only  minor 
iinjurities  can  be  expected  as  side  products  during  the  time-consuming  esterifica- 
tion at  reflux  ten^wature.  Therefore,  in  the  final  reaction  mixture,  it  is 
necessary  to  consider  the  presence  of  the  following  products: 

Uain  product:  2,2-dinitrobutyl  acrylate 

Side  products;  2-nitrobutyl  acrylate 

2- e t byl- 2- nitr  o- 1 , 3-pr  opened  io  1 
diacrylate 

1 , 1-dinitr  opropane 

1,1-Dinitropropane  is  separated  during  the  wor’cup  procedure.  However,  the  other 
esters  will  give  a mixture  which  is  not  readily  purified.  These  impurities 
function  as  crosslinking  agents  and  are  responsible  for  the  peculiar  behavior 
of  the  2,2-dinitrobutyl  acrylate  in  the  polymerization.  Instead  of  soluble 
rubber- like  products,  acetone- insoluble  crosslinked  polymers  were  obtained, 

(5)  In  conclusion,  the  process  requires  a method 
of  preparing  2,2-dinitrobutanol  in  pure  form  before  the  esterification,  Lcr#- 
tenqserature  crystallization  has  been  tried  and  was  found  unsatisfactory  because 
of  the  lack  of  suitable  solvents.  Another  method  would  involve  a change  of 
the  present  preparation,  in  that  1-nitropropane  would  be  converted  according 
to  the  method  of  Shechter  and  Kaplan  into  I, 1-dinitr opropane,  which  can  easily 
be  purified  by  distillation.  Finally,  the  Henry  reaction  would  lead  to  the 
desired  2,2-dinitrobutanol,  free  of  side  products,  according  to  the  following 
equation: 
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CH3CH2CH2 


NOo 

I 

^ CH3CH2CH  - 
NO2 


NOo 
I ^ 

^ CH3CH2CCH2CH 
NO2 


(6)  The  final  step  in  the  preparation  is  the 
esterification  of  2,2-dinitrobutanol  and  acrylic  acid.  This  is  a slow  reaction 
and  is  con?)leted  after  a long  reflux  time  in  benzene  by  separating  the  water 
azcc-J^opically.  Small  amounts  of  NO2  fumes  were  evolved,  indicating  some 
decomposition.  Although  only  very  minor  impigities  are  expected  in  this 
reaction,  these  must  be  separated  in  order  to  prepare  pure  dinitrobutyl 
acrylate.  These  impurities  occur  even  when  pure  2,2-dinitrobutanol  is  used 
initially.  They  are  greenish-yellow  in  color  and  are  distilled  with  the 
first  25^  of  product.  These  fractions  do  not  differ  greatly  in  refractive 
index  from  a polymerizable,  analytical  sample  of  2 ,2-dinitrobutyl  acrylate, 
but  they  do  not  polymerize  at  all.  However,  the  heat  of  combustion  indicates 
ispurities  of  lower  carbon  content.  Apparently  these  iiqpurities  prevent  the 
polymerization.  The  remaining  of  the  product  does  polymerize  and  gives 
rubbery,  acetone-soluble  polymers, 

(7)  Some  inpurities  were  eliminated  by  washing  the 
benzene  solution  of  the  eater  with  aqueous  sodium  carbonate,  0,1N  sodium 
hydroxide,  and  10^  aqueous  sodium  bisulfite.  Althotigh  a large  qxumtity  of 
colored  material  was  removed,  those  fractions  which  did  not  polymerize 
previously  continued  to  resist  polymerization  after  these  additional  washings. 
The  heat  of  combustion  of  cuts  I,  III,  and  V gave  the  following  values  before 
and  after  washing  with  sodium  carbonate  and  sodium  bisulfite. 


Cut 

Before  Washing 
cal/gm 

After  Washing 
cal/gn 

Theory 

cal/m 

I 

3969 

Uoli? 

lilOO 

III 

399U 

UQ53 

Uloo 

V 

U029 

U030 

Uloo 

The  ijiprovement  is  apparent  but  still  not  quite  satisfactory.  Work  on  this 
purification  will  be  continued. 

b.  Experimental 

(1)  1,1-Dinitropropane 

A three-necked  flask  provided  with  a stirrer, 
dropping  funnel,  and  thermometer  was  charged  with  220  (5.5  mols)  of  sodium 
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hydroxide  and  600  ml  of  Ttater.  At  a temperature  belon  20°C,  hh$  gm  (5.0  mols) 
of  1-nitropropane  was  introduced  dropwise  and  stirred  for  1 hr.  The  solution  of 
330  gm  (5.5  mols)  of  technical  sodium  nitrite  was  then  added  and  stirred  for  an 
additional  15  min.  In  the  meantiiiHi  1100  gm  of  silver  metal  was  dissolved  in 
1000  ml  of  705C  nitric  acid,  diluted  with  2000  ml  of  water,  and  neutralized  with 
50^  sodium  hydroxide  solution  to  a pH  of  U.2.  The  solution  of  the  acisodium 
salt  of  the  1-nitropropane— sodium  nitrite  complex  was  poured  into  the  silver 
nitrate  solution  at  0®C.  The  white  precipitate  turned  black  and  finally 
greenish  gray.  After  stirring  for  1^5  ndn,  hOO  gm  of  505S  sodium  hydroxide 
solution  was  added  dropwise,  keeping  the  tesperature  at  10  to  15^.  After  the 
addition  was  completed  the  ^ was  11.8.  The  silver  precipitate  was  then 
collected  on  a filter  and  washed  twice  with  500-ml  portions  cf  water.  Ths 
clear  yellarr  filtrate  was  acidified  with  a mixture  of  250  ml  cone,  sulfuric 
acid  and  1000  ml  water  at  a teiqperature  below  20%,  The  pH  was  2 after  all 
the  sulfuric  acid  had  been  added.  The  oily  1,1-dinitropropane  was  separated  in 

nl! 

a separatory  funnel  to  yield  U87  gm  of  material,  ■ 1.U350.  Purification 
by  distillation  gave  US9  gm  of  colorless  product,  ■ 1,U323, 

(2)  2,2-Dinitrobutanol 

A three-necked  flask  provided  with  a stirrer, 
thermometer,  and  dropping  funnel  was  charged  with  131;  gm  (1  mol)  of  1,1- 
dinitropropane  and  536  ml  water.  A solution  of  Ul;  gm  (1.1  mols)  of  sodium 
hydroxide  and  90  rl  water  was  added  dropwise  at  25®C  within  15  min.  After 
additional  stirring  for  5 min,  86  gm  (1.05  mols)  of  37^  aqueous  formaldehyde 
solution  was  added  and  stirred  for  1 hr . A solution  of  1;9  gm  cone . sulfuric 
acid  in  1;50  ml  water  was  then  added  dropwise  over  a period  of  2 hr  at  20  to 
25^.  After  additional  stirring  for  1 hr,  the  mixture  was  extracted  twice  with 
150*ml  portions  of  methylene  chloride.  The  methylene  chloride  solutions  were 
dried  over  sodium  sulfate  and  concentrated  in  vacuum.  The  residue  gave  133  gm 
of  2,2-dinitrobutanol,  -3  to  -5®C,  ■ 1,1;501. 

(3)  2,2-Dinitrobutyl  Acrylate 

(a)  A 12-liter  flask  pi’ovided  with  a Dean-Stark 
water  trap  was  charged  with  1230  gm  (7,5  mols)  of  crystallized  2,2-dinitrobutanol, 
6li9  gm  (9  mols)  acrylic  acid  and  6000  ml  benzene.  Fifty  gm  of  copper  turnings 
was  added  as  a polymerization  inhibitor.  The  refluxing  mixture  was  charged  at 
12-hr  intervals  with  a total  of  31  ml  cone,  sulfuric  acid  and  in  a period  of 
186  hr  a total  of  138  ml  water  (7.1  mols)  was  collected  by  azeotropic  distil- 
lation. The  mixture  was  then  washed  three  times  with  1000-ml  portions  of  10!C 
sodium  bicarbonate,  and  twice  with  1000  ml  water.  After  dzying  over  sodium 
sulfate  the  remaining  oil  was  distilled: 
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Cut 

Color 

Vacuum 

microns 

Head  Temp. 
°C 

Pot  Ten^), 
°C 

Yield 

gm 

I 

green 

55 

81i  to  86.5 

93 

5Ji 

l.li568 

II 

yellow 

55 

86.5  to  87.5 

93  to  95 

22h 

1.U578 

III 

yellow 

50 

87.5  to  86 

95  to  97 

318 

1.U583 

IV 

slightly  colored 

20 

7U.5  to  75 

93  to  95 

298 

1.U581 

V 

colorless 

18 

75  to  76 

105  to  U.! 

^ orvfl 

1.U581 

VI 

colorless 

18 

7h  to  75 

110 

22 

1.U582 

Cuts 

cuts 

I and  II  did  not  polymerize  in  bulk  after  U8  hr  at  li5^  using  1^  UAKP; 
III  to  VI  gave  rubbery,  acetone-soluble  polymers. 

(b)  Each  of  these  cuts  was  dissolved  in  1000 
ml  benzene  and  extracted  four  tiros  with  aqueous  sodium  carbonate,  twice 

with  O.IM  sodium  hydroxide,  and  once  with  aqueous  sodium  bisulfite  solution. 
Each  fi*action  was  distilled  after  the  benzene  was  removed. 

Cut 

Color 

Vacuum 

BIS 

Head  Tes|>. 
°C 

Pot  Temp. 

Yield 

I 

colorless 

1.5 

91  to  9li 

95  to  96 

3U 

1.U576 

II 

slightly  yellow 

2 

95 

101  to  102 

169 

1.U583 

III 

slightly  yellow 

1 

92  to  93 

95  to  96 

266 

1.U582 

IV 

slightly  yellow 

1.5 

92.5  to  9U 

98  to  96 

212 

1.U582 

V & VI  colorless 

1.5 

93 

98  to  100 

179 

1.U58U 

The  attenqpts  to  polymerize  cuts  I and  II  were  still  unsuccessful;  cuts  III, 
IV,  and  V gave  rubbery,  acetone- soluble  poljiaer,  using  1<  UAKP  at  li5°C  for 
U8  fu*.  The  alkali- soluble  fractions  were  acidified  and  extracted  with 
methylene  chloride.  The  yields  were  as  follows; 

Cut 

Yield 

I 

U.l 

gm 

■ 

1.U362 

II 

18.7 

gm 

-r- 

1.U399 

III 

*12.2 

gm 

1.U370 

IV  & V 

less  than  1 gm 

Distillation  of  the  combined  extracts  gave  lLi,2  go  of  1,3-dinitropropane, 

• 1.U325,  bp  111  to  U3°C  at  2 mm.  The  residue  appeared  to  be  2,2-dinitro- 
butanol  (3li,5  gn,  ■ 1.U562), 
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I4.  The  Preparation  of  «»<-(2,2-Dinitropropyl)  Acrylic  Acid 
a.  Discussion 

(1)  The  conversion  of  *<-(2,2-dinitropropyl)  acrolein 
into  the  metliyl  o«-(2,2-dinitropropyl)  acrylate  was  discussed  in  an  earlier 
report,^  The  method  reported  is  applicable  to  all  alcohols  which  withstand 
treatment  with  base.  However,  for  the  preparation  of  alkali-sensitive  esters, 
such  as  those  containing  the  trinitroethyl  group,  another  method  must  be 
developed.  One  possible  method  might  be  the  esterification  of  the  free 
•<-(2,2-dinitropropyl)  acrylic  acid  with  the  desired  alcohol, 

(2)  The  preparation  of ex-(2,2-dinitropropyl) 
acrylic  acid  was  conduct^  according  to  the  following  equation: 


NO2  CH2 

CH3^CH2|  CH 

NO2  CHO  NO, 


NO2  (M2CI 
3C-CH2CH 
^ iHO 


HNO- 


NO2 

->  CH3C-CH2-CH 

io2  COCH 


NaC« 


NO2  CH2 

> CH3C-CH2C 

RO2  iocH 


The  first  and  second  steps  have  been  described  previously.^  On  treatment  of 
the  ^-chloro-«^(2,2-dinitropropyl)  acrylic  acid  with  2 mols  of  sodium 
hydroxide  in  aqueous  solution  the  double  bond  was  introduced  by  the  removal 
of  hydrogen  chloride.  This  reaction  is  apparently  accompanied  by  a competing 
•ide-reaction,  because  on  acidification  of  the  reaction  solution, NO2  is  evolved. 
This  indicates  that  some  degradation  occurs  as  a result  of  the  treatment. 

The  new  acid  was  obtained  in  fair  yield  and  has  a melting  point  of  116%. 

(3)  Other  reactions  of  the  o<-(2,2-dinitropropyi) 
acrolein  have  been  atten^ted  without  success.  The  conversion  of oc-substi+uted 


^Aerojet  Report  No,  $63  (31  December  1551) » pp*  56-60, 

^id. 
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acroleins  into  the  corresponding  nitriles  by  treating  the  oximes  of  the 
aldehyde  with  acetic  anhydride  has  been  reported.  ^ The  method  failed 
in  the  attempt  to  prepare  the  oxime  of  o<- (2,2-dinitropropyl)  acrolein. 

The  classical  method  of  converting  aldehydes  into  acid  is  the  treatioent 
of  aldehydes  with  wet  silver  oxide.  In  the  case  of  o<- (2,2-dinitropropyl) 
acrolein  only  a minor  amount  was  transformed  into  acidic  material. 

b.  Experimental 

In  an  Erlenmeyer  flask  2 gm  of  ^-chloro-  o*.(2,2- 
dinitropjropyl)  acrylic  acid  was  dissolved  in  a solution  of  0.9  gm  sodium 
hydroxide  and  25  ml  water.  A small  temperature  rise  was  noticed.  After  U hr 
at  room  tenqjerature  the  brown  solution  was  acidified  with  $ ml  of  30^  sulfxaric 
acid.  Red  fumes  of  NO2  were  evolved  and  an  oil  was  formed,  which  crystallized 
upon  soratching.  The  crystals  were  collected  and  dried  to  yield  O.U  gm.  The 
acid  was  dissolved  in  carbon  tetrachloride  and  the  solution  was  concentrated. 

On  addition  of  hexane  the  crystals  formad  were  collected  and  recrystallized 
several  times  from  n-hexane.  The  melting  point  was  llii  to  ll6°C, 

Anal,  calc'd  for  C6H8N206*  35.30;  $H,  3.95;  13.73 

Found:  %C,  35.67;  U.18;  ^N,  13.92 

5.  The  Preparation  of  Wethyl  ec-(2,2-Dinitropropyl)  Acxy^late 
a.  Discussion 

(1)  The  preparation  of  methyl  ■x-(2,2-dinitropropyl) 
acrylate  has  been  described  previously, 16  the  preparation  of  a greater 

amount  of  this  confound  it  was  observed  that  instead  of  reformation  of  the 
double  bond  by  treatment  of  the  ester  of  3-chloro-2-{2' ,2‘-dinitropropyl) 
propionic  acid  with  sodium  methoxide,  a methoxyl  group  was  substituted  for 
the  chlorine.  The  new  compound  is  the  methyl  3-methoxy-2-{2*  ,2'-dinitropropyl) 
propionate. 


(2)  In  order  to  avoid  introduction  of  the  methoxyl 
group  the  dehydrohalogenation  was  carried  out  using  pyridine  in  methanol 
solution.  The  methyl  •<-( 2,2-dinitropropyl)  acrylate  was  obtained  in  the  same 
yield  without  side  products. 

b.  Experimental 

(l)  3^ethoxy-2-(2' ,Z'-dinitropropyl)  Propionate 

(a)  A round- bottomed  flask  was  charged  with 
100  gm  3-chloro--2-(2' 2'-dinitropropyl)  propionic  acid,  100  ml  methanol,  and 
50  ml  cone,  sulfuric  acid.  The  mixture  was  refluxed  for  2 hr  on  a steam  bath. 


^B.  C.  Marvel,  *iV,  li.  Miller,  arvi  L,  C.  Chou,  J.  Am.  Chem,  Soc.  72,  5J4O8 
(1951);  D,  T,  Mowry  and  R,  R.  Morner,  J,  Am,  Chem.  Soc,  69,  I3TI  (19u7), 
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The  solution  was  then  diluted  with  1000  ml  methylene  chloride  and  extracted  with 
50c  ml  water.  The  aqueous  phase  was  extracted  once  more  with  2^0  ml  methylene 
chloride.  The  combined  methylene  chloride  extracts  were  washed  twice  with 
500  ml  water,  once  with  $00  ml  of  2%  aqueous  sodium  bicarbonate,  aiid  once  with 
500  ml  water.  The  methylene  chloride  solution  was  dried  over  sodium  sulfate 
and  filtered,  and  the  solvent  was  evaporated.  The  residue  was  the  met^Qrl 
3-chloro- 2- (2  ' -dinitropr opyl ) propionate . 

(b)  This  residue  was  dissolved  in  200  ml 
methanol  and  a solution  of  Ih  gm  sodium  metal  in  300  ml  methanol  was  added. 

After  refluxing  for  3 hr  the  mixture  was  diluted  with  1000  ml  mett^lene 
chloride  and  extracted  with  500  ml  water*  The  aqueous  phase  was  extracted  onc>i 
more  with  250  ml  methylene  chloride.  The  cwobin^  methylene  chloride  solution 
was  washed  with  water,  $%  hydrochloric  acid,  and  water.  The  solution  was  dried 
over  sodium  sulfate  and  evaporated.  The  methyl  3-methoxy-2-(2' ,2*-dini^opropj'-l) 
propionate  distilled  at  1 micron  at  96  to  98°C,  The  yield  was  38  gm,  n|5  - 
1.L552.  ^ 


Anal*  calc'd:  ^0CH3,  2li*8l 

Found:  %0CH^,  23*25 

(2)  Methylo<-(2,2-Dinitropropyl)  Acrylate 

The  ester,  as  obtained  above,  was  dissolved  in 
150  ml  methanol  and  150  ml  pyridine.  The  mixture  turned  brown  at  reflux 
temperature  and  was  held  on  a steam  bath  under  reflux  for  5 hr,  during  wnich 
tixM  the  methanol  was  removed  by  distillation*  The  brown  pyridine  solution  was 
permitted  tc  stand  overnight.  Then  1000  ml  methylene  chloride  was  added  and 
the  Solution  was  washed  with  500  ml  water,  hydrochloric  acid,  and  again 

with  water.  The  pyridine free  methylene  chloride  solution  was  dried  over 

sodium  sulfate  and  concentrated.  The  residue  distilled  at  3 microns  at  78°C 
to  yield  38  gm,  n^S  - 1.U675. 

Anal,  calc'd  for  C7H10N2O6:  5SC,  33.53;  ;<H,  U*62;  12. 8U 

Found:  %C,  38*70;  ^H,  U.82;  , 12*37 

6*  Preparation  of  5.5#5-Trinltro-l  or  -2-pentene 
a.  Discussion 

During  an  investigation  of  another  reaction  it  was 
found  that  treatment  of  5,5*5-trinitro-2-pentanol  with  an  approximately  equivalent 
volume  of  sulfuric  acid  yielded  a homogeneous  solution  which,  when  heated, 
reacted  exothermically  and  separated  to  yield  a colorless  organic  phase.  This 
oil  was  separated  and  distilled;  the  analysis  corresponded  well  with  that  of 
the  5 »5»5-trinitro- 2-pentene.  It  should  be  noted  that  the  dehydration  of  this 
trinitropentanol  can  give  either  the  1-  or  2-pentene,  although  the  2-pentane  is 
probably  formed  preferentially. 
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(NO2 ) 3CCH2CH2CHCHCH3 


(N02)3CCH2CH-CHCH3 

(N02)3CCH2CH2CH<;H2 


A study  is  currently  in  progress  to  elucidate  the  structure  of  the  trinitro- 
pentene,  inasmuch  as  it  has  become  an  in5)ortant  intermediate  for  fxjrther 
chemical  synthesis. 

b.  Experimental 

A lOG-ml,  three-necked,  round-bottomed  flask  fitted 
with  a mechanical  stirrer  and  internal  thermometer  was  charged  with  25  gn  of 
molten  5,5,5-trinitro-2-pentanol.  With  gentle  stirring,  30  ml  cone,  sulfuric 
acid  was  added  all  at  once.  The  t«!^>erature  rose  to  55*%  (wnen  only  a small 
amount  of  sulfuric  acid  was  added,  decomposition  with  brown  fumes  took  place). 
An  acetone — dry-ire  bath  was  available  for  quick  cooling.  The  stirrer  was  so 
adjusted  that  it  g<?ve  mild  stirring  with  no  turbulence;  i.e.,  when  two  layers 
were  present  it  stirred  but  did  not  mix  them.  With  mild  stirring,  the  mix- 
tio*e  was  cautioxisly  heated  with  a Bunsen  burner  to  8l°C,  whereupon  the 
temperature  began  to  rise  spontaneously.  When  it  reach^  lOOOc,  the  mixture 
was  cooled  to  95°C  and  a large  colorless  phase  was  noted.  When  the  tempera- 
ture reached  l(X)OC  it  was  again  cooled,  without  stirring,  to  The  top 

phase  and  the  suKuric  acid  layer  were  extracted  separately  with  hexane.  The 
combined  hexane  extracts  from  two  such  runs  were  washed  well  with  water, 
dried  over  Drierite,  and  distilled.  Most  of  the  hexane  was  removed  through 
a 30-in,  helices-packed  coliunn.  The  residual  hfixane  was  removed  in  vacuo , 

The  remaining  ligh '-colcred  oil  weighed  17  gm  am  had  a characteristic 
canphor-like  odor.  It  was  distilled  at  1 micron,  yielding  15  gm  (33^)  of 
colorless  liquid,  bp  3?'^C,  - 1.U613,  The  refractive  index  of  the 

material  distilled  from  three  separate  preparations  has  never  varied  more 
than  ,0CX)1,  A sample  from  another  preparation  was  distilled  twice,  n£5  ■ 

1.U613,  ■ l,31iJi,  and  submitted  for  analysis. 

Anal,  calc'd  for  Cc^7N306*  %C,  29,27;  pi.  J.hhj  tN,  20,h8 

Found*  56C,  29,60;  |H,  3.UU;  pi,  19.67,  19.71* 

B.  PREPARATION  OF  NITRO  AI£CH0LS 
1,  Introduction 

Hitherto  the  only  methods  available  for  the  synthesis  of 
nitro  alcohols  have  been  by  means  of  the  Henry  and  the  Hunsdiecker  reactions. 
The  development  the  sodiam  borohydride  reduction  of  nitro  carboryl  compouxvds 
such  as  ketones,  aldehydes,  and  acid  chlorides  to  nitro  alcohols  has  aided 
considerably  in  inp.  preparation  of  these  very  necessary  reagents.  The  present 
rep>ort  deals  with  the  preparation  of  U,l*,l*-tr ini tro- 1-butanol.  This  alcohol, 
when  converted  to  the  acrylate  ester,  should  lead  to  a polymer  having  an 
estimated  specific  impulse  of  20G  Ibf  sec/lbm. 
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2,  Preparation  of  U,U«U-Trinitro- 1-butanol 
a.  Discussion 

(l)  There  are  two  probable  synthetic  routes  to 
U , U f 1*- tr  ini  tr  o- 1- butano  1 : 


(a)  (N02)3CH  ♦ CH2-CHCHO ^ (N02)3CCH2CH2CH0 

'1' 

(N02)jCCH2CH2CH2CH 

/IV 

Naffli^ 

(N02)3CCH2CH2C0C1 

/tv 

SOCI2 

(b)  (N02)3CH  ♦ CH2-CHCO2H ^ (N02)3CCH2CH2C02H 

(2)  This  alcohol  was  first  characterized  from  the 
product  of  reactions  that  proceed  via  route  (b),17  Shechter^  has  reported  the 
isolation  of  a crude  Biaterial  containing  the  alcohol  prepared  via  route  (a) . 
Route  (a)  appeared  to  be  the  most  direct  approach  and  has  been  further  investi- 
gated, Shechter  reported  the  addition  of  nitroforra  to  acrolein  in  ether 
solution.  Since  the  Uichael  condensation  with  nitroform  is  known  to  proceed 
better  in  aqueous  media,  a solution  of  acrolein  in  water  was  added  to  a 
solution  of  nitroform  in  water  at  0®C,  This  yielded  a heavy  cil  which  was 
dissolved  in  methanol  and  immediately  treated  with  sodium  boroltydride.  There 
resulted  a yield  of  a crude  material  whose  refractive  index  did  not  change 
on  distillation.  This  oil  was  not  the  expected  trinitrobutanol,  as  evidenced 
by  the  fact  that  it  did  not  react  with  p-nitrobenzoyl  chloride, and  it  had  an 
impact  stability  cf  $ cm/2  kg,  whereas  the  known  U,U,U-trinitro-:l- butanol 
reacts  readily  with  p-nitrobenzoyl  chloride  and  is  much  more  stable  toward 
impact. 


17 
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(a)  By  the  use  of  the  less  equivocal  route  (b) 
a relatively  large  quantity  of  U.h.li-trinitro-n-butyryl  chloride  has  been 
reduced  with  sodium  borohydride,  A reduction  Tn  dioxan  under  the  usual 
conditions  resulted  in  a low  yield  of  crude  material.  This  was  probably  a 
result  of  the  difficulty  of  isolating  the  alcohol  from  an  aqueous  dioxan 
solution.  In  a second  run  dietlyl  ether  was  used  as  a solvent.  This  was  run 
at  reflux*  No  yellow  color  developed,  indicating  that  no  decomposition  had 
occurred.  However,  the  use  of  ether  presented  a problem,  in  that  on  addition 
of  the  reaction  mixture  to  water  under  normal  hydrolysis  conditions,  it  burst 
into  flame.  This  was  avoided  by  dilution  of  the  mixture  with  methylene 
chloride  before  hydrolysis,  A yield  of  crude  alcohol  was  isolated, 

(b)  This  crude  alcohol  was  mixed  with  tricresyl 
phosphate  as  a carrier  and  the  mixture  was  distilled  at  0,5  to  1 micron  in  a 
falling-film  still.  All  fractions  obtained  contained  tricresyl  phosphate,  as 
indicated  by  solubility  tests.  Evidently  the  boiling  points  of  trinitrobutanol 
and  tricresyl  phosphate  are  too  close  for  a separation  to  be  effected.  Both 
the  crude  and  pure  trinitrobutanol  are  thermally  stable  up  to  280^0,  i.e,, 
merely  boil  away  when  dropped  into  a hot  Woods  metal  bath.  The  next  batch 

of  crude  alcohol  was  distilled  in  a falling- film  still  without  a carrier. 

This  distillation  afforded  little  or  no  purification.  All  attempts  to 
crystallize  this  alcohol  have  failed.  Attempts  to  prepare  crystalline 
diTTivatives  have  been  only  partially  successful,  A p-nitrobenzoate  and  a 
p-toluenesulfonate  have  been  prepared,  but  in  poor  yields. 

b.  Experimental 

(1)  Addition  of  Nitroform  to  Acrolein,  Followed  by 

Treatment  with  Sodium  Borohydride 

(a)  A 200-ml,  3-necked  flask  fitted  with 
thermometer,  stirrer,  and  dropping  funnel,  was  charged  with  a solution  of  9,5 
gm  nitroform  (0,063  mol)  in  35  nsl  water  containing  3 drops  of  10%  sodium 
hydroxide  solution.  At  -1  to  *2°C,  a solution  of  U,2  ml  (3,5  gn,  0.063  mol) 
of  acrolein  in  30  ml  water  was  added  dropwise  over  about  a half  hour.  A 
heavy  yellow  oil  began  to  separate  almost  immediately.  After  all  the  acrolein 
solution  ?rss  added,  the  mixture  was  stirred  at  ♦ 1°C  for  a half  hour  longer. 

The  oil  was  separated,  dissolved  in  75  ml  raeUianol,  and  transferred  to  a 
llOO-ml  beaker  mounted  in  an  ice  bath  aird  fitted  with  a stirrer,  pH  electrodes, 
thermometer,  and  two  dropping  funnels.  Then,  with  the  temperature  maintained 
at  18  to  23°C  and  the  pH  at  3 to  U,  a solution  of  2,3  gm  (0,05  mol)  sodium 
borohydride  in  18  ml  water  containing  a few  drops  of  10%  sodium  hydroxide 
solution  was  added  dropwise.  The  yellow  solution  was  diluted  with  300  ml 
water  and  extracted  with  five  50-inl  portions  of  methylene  chloride.  The 
methylene  chloride  solution  was  washed  three  tiroes  with  water,  dried  for  a 
short  time  over  anhydrous  sodium  sulfate,  and  evaporated  to  dryness  at  35°C 
in  vacuo . The  residue  was  6 gm  {^0%)  of  an  oil,  n^^  « l,lj7Li2. 
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(b)  This  material  was  distilled  in  a bulb  tube 
at  C,5p.  and  80  to  9C°C,  to  yield  3 gn  of  a faintly  yellow  oi]  (n^  • 1.U7U2; 

I.S.  • 5 cm/2  kg),  irtiich  would  not  react  with  p-nitrobenioyl  chloride. 

Anal.  ealc»d  for  %C,  22,97;  3.37;  JCN,  20.09 

Found:  %C,  23.72;  3.16;  %H,  20,6k 

(2)  Reduction  of  Trinitrobutyryl  Chloride  with 
Sodium  Borohydride 

(a)  A one- liter,  round-bottomed  flask  >»»« 
charged  with  85  gm  (2,2li  mols)  sodium  borohydride  (finely  divided,  8W  by 
analysis).  The  flask  was  evacuated  at  1 mm  for  3 hr.  Two  10&>ml  portions  of 
absolute  ether  were  added  and  the  flask  was  evaporated  to  dryness  agaLn,  in 
order  to  remove  all  traces  of  ammonia.  The  solid  was  transferred  to  a 1- liter, 
three-necked,  round- bottomed  flask  fitted  with  a mechanical  stirrer  and  a 
distillation  head,  and  containing  some  glass  marbles.  Ether  was  added  and 

500  ml  was  distilled,  250  ml  remaining  on  the  sodium  borohydride. 

(b)  A solution  of  122  gm  crude  li,U,li-trinitro- 
butyryl  chloride^9  in  200  ml  ether  was  added  dropwise  to  the  sodium  borohydride 
over  about  a half  hour;  this  caused  the  ether  to  reflxuc.  The  mixture  was 
refluxed  and  stirred  for  2U  hr.  The  mixture  was  cream-colored  throughout  the 
reaction,  Kethylene  chloride  (300  ml)  was  added  and  the  reaction  mixture  was 
hydrolyzed  by  dropping  slowly  into  a well-stirred  mixture  of  250  ml  cone, 
hydrochloric  acid  and  excess  ice.  The  mixture  was  extracted  with  methylene 
chloride,  then  with  ether.  The  combined  extracts  were  then  washed,  first 

with  saturated  sodium  chloride  solution,  then  three  times  with  5C’:50  sat,  sodium 
chloride— IN  sodium  bicarbonate,  then  with  acidulated  sat.  sodium  chloride 
and  finally  with  sat,  sodium  chloride  solution,  then  dried  over  Brierite. 
Evaporation  to  dryness  left  63  gn  of  a dark  oil. 

(c)  An  atten^Jt  to  distill  the  oil  in  an 
ordinary  Claisen-type  apparatus  was  stopped  irhon  at  0,5p,  because  it  proved 
necessary  to  heat  the  oil  bath  to  125°C  at  0,5p  before  the  material  barely 
started  to  distill.  It  was  distilled  by  dropping  through  a falling-film 

still  at  0.5ia  at  a tenperature  of  75  to  90°C,  and  came  over  as  e yellow  to  yellow- 
orange  oil,  n^?  * 1.U732  to  1.U778, 

(d)  Preparation  of  p-toiuenesuifonate:  .1  gm 

of  the  above  crude  alcohol  was  dissolved  in  2 ml  dioxan  and  1.5  ml  pyridine. 

At  10  to  15°C,  1 gm  of  p-toluenesulfonyl  chloride  was  added.  After  u5  min, 
the  mixture  was  poured  into  water;  the  oil  was  washed  with  water  and  taken 

up  with  8 ml  methanol.  The  solution  soon  deposited  crystals  which  were  removed 
by  filtration.  The  yield  was  O.li  gm,  cp  7k  to  75°C.  A sample  was  recrystal- 
lized for  analysis  from  benzene-cyclohexane,  then  from  methanol,  and  yielded 
colorless  needles,  mp  75  to  76®C, 

^^Prepared  ty  refluxing  110  ^ Li,b,U-trinitrobutyric  acid  (0.li93  mol)  with  250 
ml  thionyl  chloride  for  2k  hr  followed  by  removal  of  the  excess  thionyl 
chloride  ^ vacuo. 
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Anal,  calc'd  for  C2JLH13N3O9S:  JOJ,  11.57;  %S,  8.82 

FoutjI:  jgN,  11.80;  %5,  8.82 

3.  Preparation  of  5«5»$-TrirJLtro-2-pentanol 

a.  Discussion 

(1)  For  seme  purposes  the  5.5 »5-trinitro-2-pentanone 
derived  directly  from  the  reaction  of  potassium  nitroform,  sulfuric  acid,  and 
meth^rl  vinyl  ketone  is  not  pure  enough.  A purification  procedure  for  this 
ketone  is  described  belcir. 

(2)  A larger-scale  reduction  of  the  ketone  with 
sodium  borohydride  was  run  in  the  same  manner  as  previously  reported,^^  except 
that  recrystallized  ketone  was  used  and  the  sodium  bisulfite  washings  were 
omitted.  The  resulting  product  crystallized.  This  crystalline  material,  which 
melts  at  U5  to  $0^,  could  not  be  recrystallized. 

(3)  One  of  the  principal  reasons  for  the  preparation 
of  this  alcohol  is  that  it  may  lead  to  the  olefin,  5,5,5-trinitro-2-pentene. 
This  might  be  accomplished  by  acidic  dehydration  of  the  alcohol  (see  above) 

or  conversion  of  the  alcohol  to  a bromide  or  a p- toluene  sulfonate,  followed 
ly  dehydrohalogenation  or  removal  of  p-toluenesulfonic  acid.  Since  it  was 
expected  that  the  5.5.5-trinitro-2-hromopentane  might  be  a liquid,  the  p- 
toluenesulfonate  of  this  alcohol,  which  might  be  as  useful  as  the  bromide,  was 
first  prepared,  ^y  treatment  of  the  alcohol  with  p-tosyl  chloride  in  the 
presence  of  pyridine  at  room  temperature,  5,5,5-trinitro-2-pentyl  p-toluene- 
sulfonate  has  been  prepared  in  appreciable  yield.  The  trinitropentano  com- 
pounds, such  as  the  5,5.5-trinitro-2-pentanone,  5,5,5-trinitrt>-2-keto-l- 
pentanol,  and  5.5f5-trinitro-2-pentanol,  are  all  reasonably  stable  to  pyridine. 
This  fact  will  siflqslify  the  preparation  of  other  derivatives  in  this  series, 

b.  Experimental 

(1)  Purification  of  5,5,5-Trinitro-2-pentanone 

One  hundied  gm  of  crude  ketone,  derived  fron  the 
reaction  mixture  previously  described, Tf&s  dissolved  in  100  ml  benzene  with 
slight  warming.  The  cloudy  yellow  solution  was  shaken  with  30  gm  anhydrous 
sodium  sulfate  and  filtered.  The  solid  was  washed  with  50  ml  of  50:50  benzene- 
hexane.  Addition  of  500  ml  n- hexane,  100  ml  at  a time,  caused  the  separation 
of  the  ketone  in  colorless  pTates,  The  product  was  separated  after  cooling  in 
an  ice  bath  and  was  dried  in  vacuo.  The  yield  was  78  gro  (7Q%) , mp  1:1,5  to 

Ua.c/'o. 
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(2)  Preparation  of  5 »5.5-Trinitro- 2-pentyl  p- 
Tcluenesiilfonate 

In  a test  tube,  1,1  gra  (0.005  mol)  of  once-distilled 
5 »5,5-trinitrc>-2-pentanol,  and  1.1  gn  (.006  mol)  p-toluenesulfonyl  chloride  were 
mixed  with  1,5  ml  (0,15  ool)  anhydrous  pj-ridine.  This  caused  some  heat  evolution 
and  darkening.  The  mixture  was  kept  at  room  temperature  for  2 hr,  at  wiiich  time 
it  was  quite  dark  and  very  thick  with  crystals.  On  dilution  with  water,  a heavj' 
brown  oil  was  produced.  This  oil  was  washed  with  acidified  water  and  set  to  a 
semi-solid.  Rubbing  with  a few  ml  methanol,  cooling,  and  filtering,  yielded  1,2 
gm  (6li;C)  of  crystalline  material,  6?  to  68°C,  A sample  was  purified  for 
analysis  by  two  recrystallizations  from  methanol,  followed  by  two  recrystal- 
lizations from  benzene-hexane.  The  cample  was  obtained  as  large  colorless 
prisms,  np  69  to  70°C, 

Anal.  calcM  for  Ci2H]5N309S:  ^C,  38.20;  JfH,  U.Ol;  ^S,  8,50 

Found:  ‘iC.  38.82;  )j.23;  %S,  8.85 

1:,  Attempted  Preparation  of  bis (5,5, 5-Trinitro- 2-hydroxy- 1- 
pentyl)  CarboMte 

a.  Discussion 

(1)  Since  5*5,5-trinitro-l,2-pentanediol  is  an 
uncxystallizable  oil  difficult  to  purify  and  ajoalyze,  the  following  series  of 
reactions,  to  yield  a related  con?)ound  with  similar  specific  impulse  and  which 
might  possibly  be  crystalline,  was  proposed. 


(N02)3CH2CH2CCH2CK  ♦ COCI2 


0 


0 


NaSilj 


[(NO2 ) 3CCH  2CH  2CHOHCH  20  2CO 


(2)  When  an  excess  of  5,5,5-trinitro-2-keto-l- 
pentanol  in  chloroform  was  treated  with  phosgene  at  room  teraperaturs  a:id  again 
at  reflux  tenq^eratures , only  starting  material  was  recovered.  However,  in  the 
presence  of  pyridine  at  or  below  room  temperature,  the  same  reactants  yielded 
a high-melting  (13l°C)  solid  which  had  the  elemental  analysis  expected  for  the 
bis (5 ,5 »5'-trinitro-2-keto- 1-pentyl)  carbonate.  Attempts  to  reduce  this  ketone 
with  sodium  borohydride  are  now  in  progress. 
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b.  Experimental 

A 50Ci-ml  three- necked  flask  fitted  with  a mechanical 
stirrer,  therraometer , dropping  funnel  and  drying  tube,  waa  charged  with  39  gn: 
(0,16  mol)  5,$,5-trinitro-2-keto-l-pentanol  and  100  ml  methylene  chloride. 

The  mixture  was  cooled  in  an  ice  bath  and  a solution  containing  8 gm  (0,00 
mol)  phosgene  in  30  ml  methylene  chloride  was  added.  The  keto  alcohol  did  not 
dissolve.  At  0 to  10°C,  a solution  of  12,8  ml  (0.l6  mol)  pyridine  in  UO  ml 
methylene  chloride  was  added  dropwise  over  about  15  min.  The  keto  alcohol 
dissolved  rapidly  and  a clear  yellow  solution  was  produced.  The  ice  bath  was 
removed  and  stirring  was  continued.  After  a short  time  crystals  began  to 
appear  and  the  solution  darkened.  Two  hours  later  the  color  was  deep  purple. 
The  mixture  was  filtered  by  suction,  the  filtrate  being  discarded.  The  solid 

was  washed  with  methanol  and  air-dried;  the  yield  was  17  gn  (l»2,5^),  n?)  172  to 

175°C.  A sample  which  was  twice  recrystallized  fl*oin  di-n-prop>'l  ether-acetone 
yielded  colorless  orisms,  180  to  181°C,  and  was  submitted  for  analysis. 

Anal.  calc‘d  for  C11H12N6O17:  %C,  26,Iil;  2.L2;  I6.8O 

Found;  %C,  27.08;  ^H,  2,L8;  pl,  16.76 

C.  PREPARATION  OF  N I TROCAR  BOX  YLIC  ACIDS 
1,  Introduction 


Nitrodicarboxylic  acids  are  valuable  starting  materials  for 
the  preparation  of  diisocyanates  and  in  the  form  of  the  acid  chlorides  they  are 
used  for  the  preparation  of  polyesters.  This  report  deals  with  the  preparation 
of  the  bis-chloroi'orroate  of  a polynitro  alcohol,  which  can  be  used  for  the 
prepjaration  of  p>olyesters.  Furthermore,  it  presents  a means  for  handling  the 
distillation  of  l4,U,Ii-trinitrobutyryl  chloride  in  a relatively  safe  manner, 

2,  Preparation  of  the  bis-Chlorofjrmate  of  Li, b, 6,8,8- 
l^en  taniir  o- 1 , ll-undecanedioT 

Treatment  of  U,b,6,8,8-pentanitro-l,ll-undecanediol  with  a 
large  excess  of  phosgene  in  diethyl  cellosolve  yielded  a crystalline  bis- 
cliloroformate.  This  derivative  will  also  be  made  from  the  b,l»,6,6,8,8-hexa- 
nitro-l,ll-undecanedicl  when  it  becomes  available. 


CH2C  (N02)2CH2CH2CH2CH 
N02vK  ♦ 2C0C12 

CH2C(N02)2CH2CH2GH2® 


CH2C(N02)2(CH2)30C0C1 
^ NO2CH 

in 2C (N02 ) 2 (CH 2 ) 3OCOC 1 
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3,  Experimental 

A 200-ml  three-necked  flask  fitted  with  a stirrer,  thermoraeter, 
and. gas  inlet  tube  was  cooled  in  an  ice-salt  bath  and  about  $0  gm  liquid  phos- 
gene was  condensed  into  the  flask.  At  0 to  5^.  a solution  of  10  gm  (0.02U  mol) 
of  pentanitro-undecanediol  in  50  ml  diethyl  cellosolve  was  added  dropwise.  At 
first  a milky  suspension  formed,  then  a homogeneous  solution  resulted.  The 
mixture  tras  stirred  a half  hour  longer  at  0 to  5°C  and  was  then  allowed  to  warm 
to  15°C,  About  a half  hour  later  a white  precipitate  formed  which  did  not 
dissolve  on  addition  of  30  ml  methylene  chloride.  The  mixture  was  left  over- 
night at  room  temperature.  The  following  morning  the  mixtvire  was  evaporav.sd  to 
dryness  at  reduced  pressure,  leaving  a residue  of  12  gm.  A sample  was  re- 
crystallized from  metfqrlene  chloride— carbon  tetrachloride;  the  mp  was  3ii  to 
860C. 


Anal,  calc'd.  for  C]jHi7N50]j|^Cl2:  29.01;  3.19;  JtN.  U.Ol; 

,5C1,  13.17 

Found:  %C,  29»Sh;  jfcH,  3.12;  13,07; 

%C1,  13. 2U 

U.  U,i4,I<-Trinitrobutyryl  Chloride 

a.  Discussion 

Altho\igh  the  reparation  of  b,U,b-trinitrobutyryl 
chloride  has  already  been  described,^  current  deroaivls  have  necessitated  a 
method  of  preparing  larger  quantities  of  this  substance.  Impact-stability 
tests  show^  that  the  conpound  detonated  at  20  cixi/2  kg  and  thermal  stability 
tests  showed  instantaneous  decoiqjosition  at  190*^0,  and  detonation  at  2U0^ 
when  the  con^aound  was  dropped  on  a Wood's  metal  bath.  In  view  of  reports 
from  Rohm  and  Haas  of  the  occurrence  of  a first-degree  explosion  during  the 
distillation  of  U.U.li-trinitrobutyryl  chloride  by  the  usual  high- vacuum 
method,  the  "falling  film"  technique  was  employed.  This  experiment  illustrates 
the  usefulness  of  the  "falling  film"  molecular  still, 

b.  Experimental 

A 500-ml  round- bottomed  flask  containing  220  mi  of 
purified  thior^l  chloride  was  charged  portionwise  with  110  gm  (0,1493  mcl)  of 
L.U.li^trinitrobutyric  acid,  the  mixture  being  swirled  after  each  addition  of 
acid,  A calcium  chloride  drying  tube  was  attached  to  the  condenser  and  the 
solution  was  refluxed  for  22  hr.  The  excess  thionyl  chloride  was  then  removed 

22 

Aerojet  Report  No,  5U0,  p,  52, 

H.  Gold,  Anal.  Chem.  21,  636  (19l9). 


Page  68 


CONFIDENTIAL 


CONFIDENTIAL 


VI  Technical  Progress,  C (cont.)  Report  i.'o.  590 


under  reduced  pressure,  a water  aspirator  being  used  for  the  first  15  min  and 
then  an  oil  pump.  About  170  ml  of  the  unreacted  thioryl  chloride  was  recovered 
in  a dry- ice  trap.  The  residual  Ii,li,b-trinitrobutyryl  chloride  was  then  sub- 
jected to  oil  pump  pressure  for  U hr,  in  order  to  remove  traces  of  thioriyl 
chloride.  Then  80  ml  of  tricresyl  phosphate  was  added  to  the  impure  acid 
chloride  as  a carrier  solvent  and  the  product  was  distilled  in  the  "falling 
film"  molecular  still.  The  following  table  gives  cor^tions  which  were  found 
to  be  satisfactory  for  the  distillation  of  U,h,U-trinitrobutyryl  chlca*ide. 


Pass 

Tine 

hr 

Pressure 

ram 

Temp. 

°C 

Yield 

gm 

"d 

1 

0.5 

water  aspir. 

75 

2 

2 

2.3 

2 

95  to  105 

60 

1.U838 

3 

1.7 

2 

no  to  120 

39 

1.1*856 

U 

2.0 

2 

120  to  123 

18.2 

1.1*998 

Tenperatures  higher  than  120°C  are  not  recommended,  since  the  refractive 
indices  show  that  some  tricresyl  phosphate  (n25  ■ 1,551*1)  is  also  collected  at 

high  temperatures. 

D.  PREPARATION  OF  NITOO  EPOXIDES 

1,  Introduction 

Epoxides,  when  permitted  to  polymerize,  produce  a polyethylene 
oxide  chain.  If  such  an  epoxide  containing  sufficient  nitro  groups  in  a side 
chain  could  be  induced  to  yield  a high  polyna:,  a new  type  of  polymeric 
structure  would  be  available  for  propellant  evaluation.  The  present  report 
deals  with  methods  for  the  preparation  of  new  nitro  epoxides. 

2.  Attenpted  Preparation  of  1,2- Epoxy-3, 3-dinitrobutane 

a.  One  of  the  simplest  epoxides  potentially  capable  of 
producing  a polymer  of  high  specific  impulse  would  be  l,2-epoxy-3,3-dinitro- 
butane,  with  an  estimated  specific  impulse  of  212  Ibf  sec/lbm  for  the  polymei . 
Inasmuch  as  a sample  of  3, 3-dinitro- 1-butene  was  available  from  a preparation 
at  Ohio  State  University,  the  folio'wing  synthesis  was  attempted; 


NO, 

I 2 

CH2-CH-C-CH3  ♦ C6H5CO3H 

NO2 


NOo 

I ^ 

CH2-CH-C-CH3  4 C6H5CO2H 

^0^  NCij 


Page  69 


CONFIDENTIAL 


CONFIDENTIAL 


VI  Technical  Progress,  D (cont.)  Report  No- 

b*  The  reaction  was  conducted  in  chloroform  solution  with 
an  excess  of  perbenzoic  acid  over  the  dinitrobutene.  The  rate  of  utilization 
of  perbenzoic  acid  was  measured  at  intervals  by  means  of  iodooetric  titration, 
and  it  was  found  thct  the  disappearance  of  peroxide  was  extremely  slow  both  at 
room  ten^jerature  and  at  elevated  temperatures.  In  one  experiment  such  a 
reaction  was  allowed  to  stand  for  20  days.  Although  of  t^e  required  per- 
benzoic acid  had  been  used  up,  the  rate  of  disappearance  of  perbenzoic  acid 
was  more  rapid  in  the  chloroform  solution  control  sample  which  contained  no 
olefin.  After  the  reaction  mixture  had  been  extracted  to  remove  benzoic  acid 
and  perbenzoic  acid,  the  chloroform  solution  was  distilled.  Half  the  original 
3,3-dinitrt)butene  was  recovered.  This  was  followed  by  a small  c^antity  of 
additional  distillate,  representing  approximately  2555  of  a higher  boiling 
material.  This  material  has  not  yet  been  characterized, 

c.  The  apparent  lack  of  reactivity  of  the  dinitrobutene 

with  perbenzoic  acid  was  rather  surprising.  Accordingly,  it  was  tested  to 
determine  the  reactivity  toward  bromine  and  hypohalous  acid.  In  neither  case 
was  tliere  any  noticeable  addition. 

3,  The  Attempted  Preparation  Of  2,3-Bpoxy-5»5»5~trinitropentane 
a.  Discussion 

(1)  Another  synthesis  for  a nitro  epoxide  is  currently 
under  invest! gatiun,  according  to  the  following  equations: 


(a)  (N02)3CCH2CH2CCH3 

0 


0 
/ V 


(NO2) 3CCH2CHCHCH3 


(b)  (N02)3CCH2CH2CCH20H 

0 


0 
/ V 


(IJ02)3CCH2CHCHCH 


(N02)3CCH2CHIC-CH3 
0 

NaBH^ 
(N02)3CCH2CHZCH0HCH3 


(N02)3CCH2CH2CCH2X 
0 

NaBH^ 

(N02)3CCH2CH2CH0HCH2l 


Several  attempts  via  route  (a)  to  chlorinate  5»5»5-trinitro-2-pentanone  with 
chlorine  in  the  presence  of  water  and  calcium  carbonate,  and  with  sulfuryl 
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chloride  in  chloroform  have  failed  to  yield  5 ,5 ,5-trinit^o-3-chlo^o-2- 
pentanone.  abomination  with  bromine  in  ether  or  chloroform  did  succeed,  and 
gave  a high-boiling  oil  which  had  the  proper  elemental  analysis  and  reacted 
with  thiourea  to  yield  the  expected  substituted  thiazole,  probably  2-amino-Li- 
methyi-5-2,2* ,2‘-trinitroethyl  thiazole.  abomination  with  N-bromosuccinimide 
or  -^th  bromine  in  the  presence  of  water  amd  calcium  carbonate  was  unsuccessful. 

(2)  Treatment  of  5,5,5-trinjtro-2-keto-l-pentanol 
with  thiortyl  chloride  in  chloroform,  via  route  (b),  did  not  yield  the  expected 
chloro  compound.  No  sulfur  dioxide  was  evolved.  (Evidently  only  a sulfite 
was  formed.)  Since  it  was  found  that  the  starting  material  is  reasonably 
stable  to  pyridine  this  reaction  will  be  tried  again  in  the  presence  of 
pyridine.  Treatment  of  the  keto  alcohol  with  p-toluenesulfonyl  chloride  in 
pyridine  produced  5, 5, 5- tr ini tro- 2- keto- 1-pentyl  p-toluenesulfonate  in  poor 
yield. 


b.  Experimental 

(1)  abomination  of  5,5,5-Trinitro-2-pentanone 

(a)  A 20O-al  three-necked  flask  fitted  with  a 

stirrer  and  dropping  funnel  was  charged  with  a solution  of  b.b  gn  (0.02  mol) 
of  5,5,5~trinitro-2-pentanone  in  30  ml  chloroform  and  a few  drops  of  hQ% 
hydrobromic  acid.  A solution  of  32  gm  (0.02  mol)  bromine  in  20  ml  chloroform 

was  added  dropwise.  The  first  p>ortion  of  the  bromine  was  absorbed  slowly, 

the  remainder  more  rapidly.  After  all  the  bromine  had  been  added  and  absorbed 
the  mixture  was  washed  well  with  water,  dried  over  anhydrous  sodium  sulfate, 
and  evaporated  to  dryness.  The  residue  was  5.0  gm  of  a light-colored  oil, 

25 

n^  * 1.5075 • A sample  was  distilled  twice  from  a bulb  tube  at  0,5p  and  an 

60  to  90®C  air  bath.  A middle  cut  was  taken  each  time.  For  the  second  middle 
cut  n25  was  l,50U5i  the  sample  was  submitted  for  analysis. 

Anal,  calc'd.  for  C5H6N3(>7ab;  %C,  20,01;  ^H,  2.02;  StN,  lb. 00;  %Br , 26.63 

Found;  %C,  19.86;  ^H,  1.83;  ^N,  13. b2;  , 28.01 

(b)  Reaction  with  Tbio'jrea 


S 

/ V 

(N02)3CCH2CHabCCH3  ♦ (NH2)2CS > (N02)3CCH2C^  C-NH2 

H3C  II 


The  above  hromoketone  (0,3  gm)  and  thiourea  (0,1  gm)  were  mixed  in  a test 
tube  with  2 ml  methanol.  The  reaction  was  exothermic  and  the  mixture 
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darkened.  After  2 nr  of  standing  with  occasional  shaking,  all  the  thiourea 
had  dissolved  and  the  color  was  dark  brcnrm.  The  solution  was  diluted  witli 
3 to  5 ml  virater  and  a dark  oil  was  separated  and  discarded.  The  filtrate,  with 
2 m.'  of  IN  sodium  bicarbonate  solution,  gave  0,1  gm  of  a brown  solid.  This  was 
isolated  by  filtration  and  purified  two  rccrystallizations  each  fhorn  benzene 
and  chloroform,  yielding  orange  crystals.  This  material  does  not  have  a sharp 
melting  pointj  it  darkens  suddenly  at  105°C,  and  decomposes  slowly  up  to  180°C. 

Anal,  calc'd  for  C6H7N5O6S:  25-27|  tS,  11.57 

Found:  :sN,  2li,95;  ?S,  11,16 

(2)  Preparation  of  5, 5, 5-Trinitro-2-keto- 1-pentyl 
p-Toluenesulfonate 

A 200-inl  three-necked  flask  fitted  with  a stirrer, 
dropping  funnel,  and  thermometer,  was  charged  with  liO  ml  anhj'drous  pyridine. 

At  -S  tc  0°C,  U.8  gm  (0.02  mol)  of  5.5*5-trinitro-2-keto-l-pentanol  was  added, 

A clear,  light-tan  solution  resulted.  At  -5  to  0°C,  3,8  gm  (0,02  mol)  p- 
toluenesulforyl  chloride  was  added  portionwise.  After  1,5  hr,  the  color  was 
deep  brown,  Tne  reaction  mixture  was  poured  onto  ice  and  the  heavy  brown  oil 
was  washed  with  dilute  hydrochloric  acid.  The  oil  was  taken  up  in  10  ml  of 
methanol  and  the  solution  deposited  a solid,  1,2  gm,  np  100  to  102°C.  A 
saaqple  was  purif-^ed  for  analysis  by  three  recrystallizations  from  methanol  and 
yielded  colorless  crystals,  mp  IOU.5  to  105®C, 

Anal,  calc'd  for  C12H13N3O10S:  36.83;  %H,  3,35;  %S,  6.19 

Found:  %C,  37,19;  /^H,  3,6U;  %5,  8,36 

E.  PREPARATION  CF  PIASTICIZERS 
1,  Introduction 

The  jiltro  polymers  prepared  on  this  program  are,  for  the 
most  part,  iiard,  brittle  materials.  These  properties  prohibit  their  use  on 
the  roller  mill  and  the  extrusion  press  except  at  high  temperatures  and  pressures, 
and  these  conditions  cause  extensive  degradation  of  nitro  polyrners.  It  is 
apparent  that  a plasticizer  will  be  necessary  to  permit  the  fabrication  of 
nitro  polymers  with  the  usual  plastics-processiiig  equipment.  The  ideal  additive 
must  possess  the  properties  of  low  volatility,  low  melting  point,  and  mutual 
solubility  with  the  polymer,  as  well  as  the  ability  to  plasticize  the  polymer. 

In  addition,  a high  specific  impulse  is  desirable,  to  maintain  the  specific 
impulse  of  the  final  propellant  at  a high  level.  Also,  as  would  be  expected, 
high  thermal  and  impact  stabilities  are  a primary  requirement.  The  present 
report  deals  with  the  preparation  of  such  compounds,  in  an  attemft  to  meet 
the  above  requirements. 
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2,  Preparation  of  Esters  of  Trinitrobutyric  Acid 
a.  Discussion 

The  preparation  of  esters  of  trinitrobutyric  acid 
was  initiated  earlier, This  work  has  been  continued  with  the  preparation 
of  l,2,3-tris(U,U,U-trinitrobutyroxy)  propane,  l,2-bis(li,U,U-trinitrobutyroxy) 
propane,  and  l,5-bis(U,li,U-trinltrobutyroxy)-3-oxa-pentan^  The  available 
data  on  these  compounds  are  presented  in  Table  XIX, 


TABLE  XIX 

ESTERS  OF  li,U,U-TRINrTROBUTYRIC  ACID 


Compound 

kelting 
Point,  °C 
(obs,) 

In^)act 
Stability 
cm/2  kg 

1 , 2-bis  (U , ,U-Trinitro- 
butyroxy)  ethane 

9h  to  9S 
93,9  (corr.) 

>100 

1 , 2, 3- tr  i 3 ( U , U , li-Tr  initro- 
butyroxy)  propane 

90  to  92 

25  to  30 

1 , 2-bi  s ( li , U , U-Tr  initr  o- 
butyroxy)  propane 

63,5  to  6U.5 

>100 

l,5-.bis(U,U,U-Trinitro- 
butyr  oxy ) -3- oxa-pentane 

3U.5  to  35.5 

>100 

Analysis 

Heat  of 

Calc*d 

Found 

cal/K® 

Compound 

%c 

%C 

_2L 

Calc ' d 

Found 

1 , 2-bis (U , U ,U-Trinitro- 
butyroxy)  ethane 

2$,U3 

2.56 

17.80 

25.32 

2.88 

18.09 

2U20 

2382 

1 , 2 , 3- tr i s ( U , U , U-Tr ini tr o- 
butyroxy)  propane 

25, U7 

2.U2 

17.83 

26.07 

2.U2 

17.88 

2387 

2U0U 

I , 2-bi s (U , U , U-Tr initr o- 
butyroxy)  propiane 

27,17 

2.90 

17.29 

27.U7 

2.90 

17.06 

2672 

2610 

l,5-bis(l4,Ii,U-Trinitro- 
butyr oxy ) -3- oxa-pentane 

27.91 

3.12 

16.28 

28.30 

3. Ill 

16.05 

2756 

2717 
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b.  Experinental 

(1)  Preparation  of  l,2,3-tris(li,li,U-Trinitrobutyroxj') 
Propane 

A solution  of  223  gm  (1  mol)  of  trinitrobutyric 
acid  and  30.7  gm  (1/3  ool)  of  glycerol  in  650  ml  benzene  was  dried  at  reflux 
temperature,  using  a Dean-Stark  trap  for  the  removal  of  water.  The  solution 
was  then  cooled  somewhat  to  allow  the  addition  of  5 itJ  sulfuric  acid,  and 
heating  was  continued.  The  theoretical  amount  of  water  was  removed  after 
23  to  25  iu*  of  reflux.  The  solution  was  decanted  from  the  tar- like  n.aterial 
formed  during  the  esterification.  An  additional  200  to  250  ml  benzene  was 
added,  and  the  solution  was  washed  four  tines  with  saturated  sodium  chloride 
solution.  Following  two  washes  with  dilute  sodium  carbonate,  the  organic 
layer  was  washed  four  tines  with  water.  The  solvent  was  then  distilled  at 
reduced  pressure.  The  residue  of  crude  l,2,3-tris(h,U,l*-trinitrobutyToxy) 
propane  was  dissolved  in  350  ml  hot  absolute  ethanol.  As  the  solution  cooled 
to  room  temperature,  a portion  of  the  product  separated  from  solution  as  a 
dark-colored  viscous  oil.  The  supernatant  liquid  (sol'n  I)  was  decanted  from 
this  oil,  and  the  latter  was  redissolved  in  liOC  ml  hot  absolute  ethanol  (sol'n 
II).  It  was  necessary  to  decant  sol'n.  II  twice  from  the  highly  colored  oil 
which  separated  (and  was  discarded) . The  light^colored  solid  which  eventually 
separated  from  sol' ns,  I and  II  weighed  77,3  gm,  corresponding  to  32, 7^  of  the 
theoretical.  Pure  l,2,3-tris(u,U,U-trtnitrobutyrcxy)  p>*opane  (^9.2  gm,  2Q»7^) 
was  obtained,  following  successive  recrystallizations  from  580,  520,  and  350  ml 
absolute  ethanol. 


(2)  Prep'xation  of  l,2-bis(Ii,Ii,U-Trinitrnbntyroxy) 
Propane 

(a)  Direct  Esterification  of  Trinitrobutyric 
Acid  and  Propylene  Glycol 

A solution  of  lli5  go  (0,65  mol)  of  tri- 
nitrobutyric  acid  and  2li,7  gm  (,325  mol)  propylene  glycol  in  500  ml  benzene 
was  dried  during  an  initial  reflux  period,  using  a Dean-Stark  trap.  Sulfiiric 
acid  (5  ml)  was  added,  and  reflux  was  continued  for  6-2/3  hr,  during  which 
time  the  theoretical  amount  of  water  was  removed.  The  benzene  solution  was 
filtered  to  remove  some  charred  material  and  washed  five  times  with  satxirated 
salt  solution,  twice  with  dilute  sodium  carbonate  solution,  and  five 
times  with  water.  The  solvent  was  distilled  under  reduced  pressure.  The 
92-giii  residue  was  recrystailized  successively  from  250,  150,  and  135  sil 
portions  of  absolute  ethanol.  During  the  third  recrystallization,  an  ai'^ 
preciable  quantity  of  the  piroduct  was  lost  because  of  accidental  breakage  of 
the  flask  containing  the  mixture  of  product  and  ethanol.  Seven  additional 
recrystallizations  were  required  for  corm;lete  removal  of  the  color  frc's  the 
recovered  product.  The  36-gm  yield  of  l,2-bis(U,h,l>-trinitrobutyToxy)  propane 
corresponds  to  only  22,b%  of  the  theoretical. 
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(b)  Addition  of  Nitroform  to  1,2-Diacryloxj’- 
propane 

A solution  of  18, [i  gm  (0,1  mol)  of  1,2- 
diacryloxypropane  in  UO  ml  absolute  <r.hanol  was  added  dropwise  with  stirring 
at  25“C  during  a 15-min  period  to  a solution  of  33,2  gm  (0,22  mol)  nitroform 
in  100  ml  ethanol.  The  resulting  solution  was  stirred  at  25°C  for  30  min; 
the  temperature  was  then  raised  to  LCPC  and  stirring  was  continued  for  2,5  hr. 
The  solution  was  allowed  to  stand  at  room  temperature  overnight,  and  the 
solvent  and  excess  nitroform  were  distilled  at  reduced  pressure.  The  50»3-gra 
residue  was  recrystallized  twice  from  65-ml  portions  of  absolute  etiianol  and 
a third  time  from  50  m3  of  ethanol.  The  22,1-gm  yield  of  1.2-bis(U,l4,U- 
trinitrobutyroxy)  propane,  np  63,5  to  61i,5°C,  corresponds  to  Ii5»5/S  of  the 
theoretical. 


(3)  Preparation  of  l,5-bis(li,li,U-Trinitrobutyroxy)- 
3- oxa- pentane 

A solution  of  211»  gm  (0,96  mol)  of  U,li,U-tri- 
nitrobutyric  acid  and  U2,l*  gm  (O.Ii  mol)  diethylene  glycol  in  700  ml  benzene 
was  dried  at  reflux  temperature,  using  a Dean-Stark  trap.  Sulfuric  acid 
(5  ml)  was  added,  and  heating  was  continued  at  the  reflux  temperature  of  the 
solvent.  The  theoretical  amount  of  water  was  removed  in  a period  of  6 hr. 

The  solution  was  filtered  to  remove  some  charred  material  in  suspension,  and 
the  filtrate  was  washed  successively  v/ith  three  300-ml  portions  of  saturated 
sodium  chloride  solution,  two  300-ral  portions  of  dilute  sodium  carbonate 
solution,  and  three  300-ml  portions  of  saturated  salt  solution.  The  solvent 
was  distilled  at  reduced  pressure,  and  the  192-gra  residue  was  dissolved  in 
500  ml  hot  absolute  ethanol,  A small  amount  of  suspended  sodium  chloride  was 
removed  by  filtration.  A portion  of  the  product  separated  fl*om  the  filtrate 
as  a tan-colcred,  viscous  oil.  The  sxipernatant  solution  (sol'n,  I)  was 
decanted,  and  the  residual  oil  was  redissolved  in  200  ml  of  hot  absolute 
ethanol  (sol'n.  II).  The  white  crystalline  product  which  separated  fVom 
sol‘n,  I was  recrystallized  a second  time  from  300  ml  ethanol,  yielding  pure 
l,5-bis(U,l;,li-trinitrobutyroxy)-3-oxa-pentane.  The  tan-colored  product  from 
sol'n,  II  was  recrystallized  from  200  ml  ethanol  and  120  ml  ethanol.  The  use 
of  the  decreased  volume  of  solvent  during  the  third  recrystallization  caused 
an  initial  small  portion  of  the  product  to  separate  as  an  oil,  and  the  color 
was  carried  from  the  solution  with  this  oil,  which  was  discarded.  The  material 
which  crystallized  ftxxn  the  colorless  supernatant  solution  following  decantation 
was  pure  product.  The  combined  yield  of  111,3  gm  l,5-bis(li,li,U-trinitro- 
butyroxy)-3-cr»-pentane  corresponds  to  $3,9%  of  the  theoretical, 

3.  Preparation  of  5#$,$-Trinitro-2-ketopentyl  Acetate 
a.  Discussion 

Esters  in  general  have  been  used  as  plasticizers  for 
polyuiers.  In  addition  to  the  esters  of  trinitrobi’tyrir  acid,  it  is  also 
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possible  to  prepare  potential  plasticizers  from  various  esters  of  highly 
nitrated  alcohols,  such  as  the  5.5.5-trinitro-2-ketopentanol.  The  5,5,5- 
trinitro-2-ketopentyl  acetate  has  been  previously  prepared  in  these  laboratories  .^5 
Because  of  the  low  melting  p>oint,  appiarent  stability,  moderately  high  specific 
impulse,  and  chemical  structure  of  this  compound,  it  was  considered  advisable 
to  prepare  larger  quantities  of  the  material  for  testing  as  a plasticizer  for 
nitro  polymers.  The  compound  was  prepared  try  the  reaction  of  5,5,5-trinitro-2- 
ketopentanol  and  acetyl  chloride,  using  the  latter  reagent  in  quantities  20 
and  100^  in  excess  of  the  theoretical.  These  experiments  gave  5 ,5,5-trinitro-?- 
ketopentyl  acetate  in  h3.!i  and  li8.5!^  yields,  respectively. 

b.  Experimental 

A solution  of  113.6  gm  (0.5  mol)  of  5,5,5-trinitro-2- 
ketopentanol  in  hi»0  ml  dry  chloroform  was  warmed  to  gentle  reflux  tenperature, 
and  U7.1  gm  (0.6  mol)  acetyl  chloride  was  added  dropwise  to  the  solution.  The 
addition  was  regulated  to  maintain  the  reaction  solution  at  reflux  temperature. 
Heating  was  continued  for  3 hr,  following  the  l/2-hr  period  of  acetyl  chloride 
addition,  The  dark-red  solution  was  washed  once  nlth  water,  twice  with  dilute 
sodium  bicarbonate  solution,  and  twice  with  water.  The  solvent  was  distilled 
under  reduced  pressure,  and  the  residue  (109,5  gre)  was  * ecrystallized  fi*cm  5<^ 
ml  isopropyl  ether.  Following  two  additional  recrystallizations  from  isopropyl 
ether,  the  5,5,5-trinitro-2-ketopentyl  acetate  was  obx-ained  in  yield  (60,8 

gn).  The  product  melted  at  52,5  to  53.5°C  and  had  impact  stability  >100 
cxa/2  kg. 

Anal,  calc'd.  for  C7H9O9N3:  %C.  30.12;  %H,  3.25;  »),  15.05 

Found;  %C,  30.66;  JH,  3.07;  , 15.35 

F.  INTERMEDIATES 

1.  Preparation  of  Acrylic  Esters  of  Polyhydric  Alcohols 
a.  Discussion 

With  the  successful  preparation  of  l,2-bis(li,l»,h- 
trinitrobutyroxy)  ethane  by  the  addition  of  nitroform  to  1 ,2-diacryloxyethiane,^^ 
it  was  planned  to  use  this  method  for  the  preparation  of  other  trinitrobutyrates. 
The  distillation  of  1, 2- diacryloxy ethane  was  accompanied  by  considerable 
polymerization,  and  when  the  preparation  of  higher-boiling  acrylates  was 
attempted  t.ae  polymerization  was  even  more  extensive.  An  attempt  to  distill 
crude  1,2,3-triacryloxypjropjane,  obtained  by  the  direct  esterification  of  acrylic 
acid  and  glycerol,  was  unsuccessful.  The  yields  of  1,2-diacryloxypropane  and 
l,5-diaciyloxy->ox»-pentane,  pjrep>ared  from  propylene  glycol  and  diethylene  glycol, 
respectively,  were  low  because  of  the  polymerization  which  occurred  during 
distillation. 

— 

Aerojet  Report  No,  515,  p.  6, 
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b.  Experimental 

(1)  Preparation  of  1,2-Diacryloxypropane 

A mijcture  of  317  gn  (U.h  cols)  acrylic  acid, 

102  gm  (1.3U  rods)  propylene  glycol,  2 gm  hydroquinone,  copper  turnings, 
and  900  ml  benzene  was  dried  during  an  i»dtial  reflux  period,  using  a Dean- 
Stark  trap.  Sulfuric  acid  (5  ml)  was  added,  and  heating  was  continued  at 
reflux  temperature  for  a period  of  28  hr.  The  solution  was  decanted,  filtered, 
and  washed  five  times  with  saturated  sodium  chloride  solution.  The  solution 
was  washed  twice  with  dilute  sodium  carbonate  solution  and  twice  Yrith 
saturated  salt  solution.  Additional  rydroquinone  was  added  to  the  benzene 
solution  together  with  copper  turnings,  and  the  solvent  was  distilled  at 
diminished  pressure.  The  fc '-lowing  data  were  taken  during  the  distillation 
of  the  residue. 

Cut  I:  bp,  51  to  53°C/0,5  mm; 

Cut  II:  bp,  51  to  106°C/0.5  nm; 

Cut  III:  bp,  106  to  lll®C/0.5  mnj 

Residue:  •~170  gm  (polymer) 

(2)  Preparation  of  l,5-Diacryloxy-3-oxar.pentane 

A solution  of  15S.>  gm  (2,2  mols)  acrylic  acid 
and  106,1  gm  (1  mol)  diethylene  glycol  in  50C  ml  benzene  (with  2 gm  hydro- 
quinone and  30  gm  copper  turnings  for  polymerization  inhibition)  was  dried  by 
means  of  a Dean-Stark  trap  during  an  initial  reflux  period  of  30  to  hS  min, 
Sxilfuric  acid  (5  ml)  was  added,  and  refluxing  was  continued  for  9*5  br.  The 
theoretical  amount  of  water  was  rerocved  during  this  period.  The  mixture  was 
filtered  and  the  filtrate  was  given  four  250-ml  water  washes,  a single  250-ml 
wash  with  sodium  carbonate  solution,  and  four  additional  water  washes, 
Hydroquinone  (2  gm)  was  added  to  the  benzene  solution,  and  the  solvent  vras 
distilled  under  reduced  pressure.  The  178-gm  residue  was  divided  into  two 
portions,  which  were  distilled  separately.  The  following  data  wore  taken 
during  the  distillation  of  a 96,5-gni  sample  of  the  residue. 

Pre-cut:  bp;  <77°C/0,5  mm;  2*5  (discarded) 

Product  Cut : bp,  81  to  83°C/0,5  inn;  6li.li  gm;  1,1:571: 

Residue:  29.2  gm  (polymer) 

The  combined  yield  from  the  two  distillations  coiTt 'ponded  to  approxin»ately 
S3%  of  the  theoretical. 


16.3  gm;  n^*^.  l.U:62 
12.9  gm;  iMl 

29.1  gm;  1.U570 
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2,  • The  Preparation  of  3-Trlnitromethyl-cyclohexanone 
a.  Discussion 

(1)  , A great  increase  in  the  oxygen  balance  of 
confounds  can  be  achieved  wtienevar  it  is  possible  to  introduce  the  trinitromethyl 
group  into  a molecule A great  deal  of  work  has  already  been  done  and  is  non 

in  progress  on  the  addition  of  nitroform  to  unsaturated  systems.  Certain  rules 
have  been  observed  so  that  today  predictions  can  be  made  as  to  whether  or  not 
nitroform  will  add  to  an  unsaturated  system.  However,  only  in  few  cases  is  th.e 
introduction  of  the  trinitromethyl  group  possible^^  when  it  is  desired  to 
prepare  suitable  monomers  for  the  prejaaration  of  condensation  polymers.  Such 
conpounds  seldom  possess  the  necessary  functional  groups  in  the  molecule,  to 
make  them  useful  for  polymerization, 

(2)  An  alternate  procedure  for  the  preparation  of 
the  monomers  is  to  introduce  the  trinitromethyl  group  first  and  later  the 
functional  groups  of  the  desired  compound.  Such  a procedure  is  exemplified 

by  the  preparation  of  acids  ly  oxidative  ring-opening  of  cyclic  ketones.  Thus, 
cyclohexanone  is  converted  into  adipic  acid  on  a large  scale.  Similarly,  a 
trinitromethyl  adipic  acid  would  be  made  available  if  it  were  possible  to 
prepare  a cyclohexanone  with  a trinitromethyl  group  in  the  correct  position, 

(3)  The  addition  of  nitroform  to  cyclic  compounds 
has  occurred  only  in  the  reaction  with  dihydr opyran . 28  xhe  Michael  reaction 
with  conjugated  systems  such  as  2-cyclohexene- 1-cne  or  1-cyclohexene-l- 
carboxylic  acid  or  its  derivatives  offers  the  simplest  method  for  the  prepara- 
tion of  cyclic  compounds  containing  the  trinitromethyl  grouping 


The  present  report  deals  with  the  addition  of  nitroform  to  2-cyclohexene-l- 
one  in  order  to  prepare  3-tripitrocyclohexanone  according  to  the  equation: 




Purdue  Quarterly  Report  No.  1,  p,  6;  Schenck  and  von  der  Forst  BIOS/Gr  2 HBC 
No,  5U75;  Purdue  Quarterly  Report  No,  2,  p,  1^^16, 

Pfl 
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The  reaction  was  carried  out  in  aqueous  solution  and  a crystalline  conqDound 
was  isolated,  mp  6l  to  6l.5®C. 

Anal,  calc'd  for  C7H9N3O7;  ^C,  3b. 01;  %H,  3.67;  5CN,  17.00 

Found:  3l».b5;  %H,  3,63;  /CM,  17,16 

b.  Experioental 

A thre^necked  flask  provided  with  a stirrer,  dropping 
funnel  and  thermometer  was  charged  with  3 gm  nitroform  in  35  nl  water  and 
0,3  ml  of  a 20%  aqueous  solution  of  sodium  hydroxide.  The  solution  of  2.2  gra 
2-cyclohexene- 1-one  in  5 ml  methanol  was  added  slowly  at  a temperature  of  10 
to  20°C.  A milky  suspension  was  formed  and  stirring  was  continued  for  2 hr  at 
room  teiqperature.  Then  50  ml  methylene  chloride  was  added  and  the  solution 
was  washed  twice  with  sat'nrated  sodium  chloride  solution,  once  with  5^  sodium 
bicarbonate  solution  and  once  with  saturated  sodium  chloride  solution  again. 
The  almost  colorless  solution  was  dried  over  sodium  sulfate  and  evaporated. 

The  yield  was  3.1  gm  of  a yellowish  viscous  oil  which  was  crystallized  from 
ether  at  -70°C  and  recrystallized  from  isopropyl  ether.  The  melting  point 
was  61  to  61,5®C. 

3 . The  Preparation  of  2-Cyclohexene- 1-one 
a.  Discussion 

(1)  The  2- cyclohexene- 1-one  was  prepared  by  Kotz  et 
al,29  by  several  methods,  starting  from  cyolohexcnone  b,'  halogenation  and 
introducing  the  double  bond  by  el5mination  of  liyorogen  halice. 


All  methods  reported  vive  a very  poor  yield  and  were  found  unsuitable  for 
the  prep>aration  of  a sizable  amount  of  the  desired  product. 


(2)  Another  possibility  is  the  introduction  of  the 
double  bond  by  removal  of  water  from  2-cyclohexanol- 1-one  as  reported  by 
K*Atz  and  Grethe^^  according  to  the  equation: 


^J.  prakt.  Chem.  [2]  80,  h89  (1909);  Ann,  358.  I96  (1909);  bOO,  30  (1913). 
prakt,  Chem.  [2]  80,  b89  (1909). 
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The  chlorination  yields  2-chloro-cyclohejcanone  in  about  $0%  of  theoretical  and 
the  hydrolysis  proceeds  in  about  10*  of  the  theoretical  amount.  The  isolation 
of  2-cyclohexanol-l-one  was  improved,  as  reported  in  Paragraph  b,  below, 

(3)  Inasmucih  as  the  reported  methods  were  found 
unsatisfactory  for  the  preparation  of  the  desired  2-cyclohexcno-l-or*e,  the 
present  synthesis  started  from  cyclohexene,  with  the  introduction  of  bromine 
a Ziegler  hromination  with  N-hronKDSUccinimide Direct  oxidation  of  the 
3-hromo- 1-cyclohexene  with  chromic  acid  ir.  dilute  sulfuric  acid  gave  the 
desired  2-cyclohexene-l-one.  The  reaction  proceeds  according  to  the  following 
equation: 


The  yield  was  about  30j  of  theoretical, 

(I4)  A better  result  was  obtained  when  the  bromine  was 
replaced  by  the  acetate  group.  This  was  carried  out  by  reacting  the  3-bromo-l- 
cyclohexene  with  potassium  acetate  in  acetic  acid.  The  oxidation  of  the 
acetate  or  of  the  hydrolysis  product  to  2-cyclohexene- l-ol  gave  the  2-cyclo- 
hexene-l-one in  about  $0^  yield. 

b,  EJxperimental 

(1)  2-Cyclohexa.iol-l-one 

A round-bottomed  flask  provided  with  a stirrer 
and  thermometei'  and  reflux  condenser  was  charged  with  300  gm  chlorocyclohexanone, 
900  gm  potassium  carbonate,  and  900  gm  water.  The  mixture  was  refluxed  with 
rapid  stirring  for  3 hr.  The  mixture,  consisting  of  two  layers,  was  then  steam - 
distilled  and  1000  ml  of  distillate  was  taken.  One  thousand  gm  of  potassium 


^^Ann.  551.  80  (19b2). 
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carbonate  was  added  to  the  distillate  and  the  mixture  was  cooled  in  ice  water. 
The  white  crystals  obtained  were  collected  and  dissolved  in  eth^yl  acetate 
while  still  dau^j.  The  water  was  separated  in  a separatory  funnel  and  cooled 
to  -liC  to  -$0°C.  On  the  addition  of  ether  72  gm  of  wnite  crystals  was  obtained' 
the  np  was  95°C  (literature  92  to  93°C). 

(2)  2-Cyclohexene- 1-one 


The  bromination  of  cyclohexene  was  carried  out 
according  to  Ziegler  et  al,^^  A three-necked  flask  provided  with  a stirrer, 
dropping  burette,  and  thermometer  was  charged  with  75  ml  water  and  lU  gm  cone, 
sulfvaric  acid.  The  solution  was  cooled  to  0 to  ♦5°C  and  6,5  gm  of  3-hromo-l- 
cyclohexene  was  added.  A solution  of  3 gm  chromic  acid  in  25  ml  water  was  slowl 
added  to  this  mixture  within  60  min,  with  rapid  stirring.  The  temperature  was 
maintained  at  0 to  5°C.  After  2 hr  continued  stirriiTg  the  mixture  was  slcsrly 
warmed  to  ro<^  temperature  and  allowed  to  stand  overnight.  The  reaction  mix- 
ture was  steam-distilled  and  250  ml  of  distillate  was  taken.  The  distillate 
was  extracted  three  times  with  ether  and  the  ether  solution  was  dried  over 
sodium  sxilfate.  The  ether  was  then  evaporated  and  the  residue  distilled  at 
65  to  80°C  air-bath  temperature  at  2C  a»n.  The  yield  was  2.2  gm  of  2-cyclo- 
hexene-1-one. 


(3)  3-Acetoxy- 1-cyclohexene 

A mixture  of  55  gm  anhydrous  pctassi'im  acetate 
and  210  ml  glacial  acetic  acid  was  heated  to  60  to  in  a three-necked 
flask  provided  with  thermometer,  stirrer,  dropping  funnel, and  reflux  condenser. 
Then  68  gm  of  3-bromo- 1-cyclohexene  was  introduced  dropwise  and  potassivun 
bromide  in  increasing  amounts  was  precipitated  during  the  course  of  the 
reaction.  The  mixture  was  stirred  for  2 hr  at  70  to  75°C.  After  cooling  to 
room  tenperature  6l.3  gm  potassium  bromide  was  separated  on  a filter.  The 
filtrate  was  diluted  with  500  ml  methylene  chloride  and  washed  with  250  ml  of 
15^  aqueous  sodium  chloride  solution.  After  another  extraction  of  the  aqueous 
layer  with  200  ml  methylene  chloride  the  combined  extracts  were  washed  twice 
with  saturated  sodium  chloride  solution,  once  with  SX  sodium  bicarbonats 
solution,  and  once  again  with  saturated  sodium  chloride  solution.  The 
solution  was  dried  over  sodium  sulfate  and  concentrated.  The  residue  distilled 
at  lli  mm  at  7h  to  77^0  to  yield  60,U  gm  of  3-acetoxy- 1-cyclohexene, 

L(.  Trinitroethyl  Propionate 
a.  Discussion 

Because  of  its  structural  similarity  to  trinitroethyl 
acrylate,  it  was  decided  to  investigate  the  ability  of  trinitroetliyl  propionate 


^^Ann.  551.  80  (19U2). 
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to  act  as  a chain- transfer  agent  in  the  pol3rmerization  of  styrene,  methyl  metli- 
acrylate,  etc,^^  This  comp-.^und  was  prepared  according  ^'o  tike  uiethod  of  Uarans 
and  Zelinski,-5y  with  some  minor  oodif icatioas . 

b.  Experamental 

A solution  of  10  gm  of  trinitroethanol  and  10  ml  of  ether 
was  added  to  $0  ml  of  propionyl  chloride  (prepared  from  piopionic  acid  and 
thionyl  chloride,  bp  78  to  79°C).  The  resulting  mixture  was  heated  on  the 
steam  bath  until  most  of  the  ether  was  removed  and  then  refluxed  vigorously 
for  li  hr,  until  no  more  hydrogen  chloride  gas  was  evolved.  The  excess 
propionyl  chloride  was  removed  under  reduced  pressure  and  the  residue  was 
poured  slowly,  with  stirring,  into  cold  water.  The  oil  which  separated  was 
taken  up  in  hexane;  the  hexane  solution  of  the  ester  was  washed  several  times 
with  water  (until  the  water  extracts  were  colorless),  dried  over  anhydrous 
magnesium  sulfate  for  several  hours,  then  concentrated  and  cooled  in  dry  ice. 

The  colorless  needles  which  separated  were  collected  and  recrystallized  several 
times  from  hexane.  The  yield  of  product  melting  at  23  to  2li°C,  n^  - 1,Uj1i9, 
was  11  gm,  86^  of  theoretical, 

5,  Preparation  of  Polymerization  Catalysts 
a.  Discussion 

It  has  been  recently  suggested  that  polymerization 
catalysts  currently  used  on  the  nitro  polymer  and  Aeroplex  programs  be  replaced 
by  symmetrical  compounds  of  the  azo-  type  as  a possible  means  of  obtaining 
Increased  molecular  weights.  This  suggestion  is  based  on  work  by  Tobolsky^^ 
which  has  shown  that  the  symmetrical  azo  conpounds  are  unique,  as  compared 
with  the  peroxide  and  hydroperoxide  catalysts,  in  that  the  rate  of  decomposition 
of  the  former  at  a given  ten5>erature  is  independent  of  the  solvent.  Tobolsky 
also  showed  that  in  the  polymerization  of  styrene  and  methyl  methacrylate 
there  was  no  chain-terminating  reaction  involving  the  catalyst  or  its  decompo- 
sition products  when  azo-  type  catalysts  were  used,  in  shajrp  contrast  with  the 
results  obtained  idien  cuMne  hydroperoxide  or  t-butyl  hydroperoxide  was  used, 

Azo  bis-isobutyronitrile-~  and  methyl  azo  bis-Tsobutyrate^'  nave  been  prepared 
for  use  as  catalysts  in  the  polymerization  of  nitro  monomers. 


33 

Cf,  Section  II,  A,  1,  c,  on  vinyl  polymers* 

Am,  Chem,  Soc,  72,  $329  (1951). 

^^In  press, 

36 

Thiele  and  Hauser,  Ann,  290,  30  (1896), 

^^Ibid.,  p,  35. 
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b,  Experioentn.! 

(1)  Preparation  of  N,N*-bis(2-Cyai-»o-2-propyl) 

Hydrazine 

A solution  of  195  gm  (1.^  mols)  of  hydrazine 
sulfate  in  1125  ml  water  was  waiTned  to  UO  to  U5°C>  * solution  of  lii7  gm  (3 
mols)  sodium  cyanide  in  5?5  ml  water  and  175  gm  (3  mcls)  of  acetone  vms  added 
in  to  25  min  while  the  temperature  was  maintained  at  UO  to  50°C,  Follorfing 
this  addition,  the  reaction  mixture  was  held  at  Uo  to  U5°C  for  3 hr  with 
continued  stirring,  and  then  stored  at  0°C  overnight.  The  white,  crystalline 
product  was  separated  on  a Buchner  funnel,  and  the  filtrate  was  further 
reacted,  as  above,  with  a solution  of  h9  gm  (1  mol)  of  sodium  cyanide  in  175 
ml  water  and  58  gm  (1  mol)  acetone.  The  additional  product  was  ccmibined  with 
the  first  crop  on  the  Buchner  funnel  and  washed  well  with  ice  water.  The 
material  was  thoroxighly  dried  over  potassium  hydroxide  pellets  in  a vacuum 
desiccator.  The  yield  of  M, N* -bis (2-cyano- 2-propyl)  hy^azine  varied  from 
225  gm  (90^  yield,  based  on  ^Qrdrazine  sulfate)  to  325  gm,  depending  largely 
on  how  well  the  inorganic  salts  were  removed  during  the  washing. 

(2)  Preparation  of  Azo  bis-Isobutyronitrile 

A mixture  of  250  gm  (1,5  mols)  of  impure  N,N'- 
bis (2-cyano- 2-propyl)  hydrazine  and  250  ml  methanol  was  chilled  to  -5  to  0°C, 
and  500  ml  of  37?  hydrochloric  acid  was  added  rapidly  with  cooling  and 
vigorous  stirring  at  0 to  10°C,  Water  (lOOC  ml)  was  added  and  the  mixture 
was  chilled  to  -5  to  0°C,  A solution  of  5l  ml  (1  mol)  bromine  in  7$0  ml 
methanol  was  added  in  three  portions  with  vigorous  stirring  while  the 
tesf>erature  was  maintained  below  10^.  This  quantity  of  bromine  is  usually 
sufficient,  as  the  N,N’-bis(2-cyano-2-propyl)  l^ydrazine  is  not  pure.  The 
mixture  was  diluted  with  1000  ml  ice  water  and  the  product  was  collected  on  a 
Buchner  funnel,  washed  free  of  bromine  with  ice  water,  then  dried  over 
potassium  hydroxide  pellets  in  a vacuum  desiccator.  The  over-ell  conversion 
of  l^ydrazine  sulfate  to  azo  bis-isobutyronitrile  through  the  N,N»-bis(2- 
cyano- 2-propyl)  hydrazine  was  effected  in  about  66?  yield, 

(3)  Preparation  of  Methyl  Azo  bis-Isobutyrate 

Ery  hydrogen  chloride  was  added  rapidly  to  a 
suspension  of  100  gm  (0.6I  mol)  of  ak;o  bis-isobutyronitrile  in  750  ml  methanol 
at  20  to  25°C,  Solution  of  the  azo  bis-isobutyronitrile  was  completed  in 
approximately  1 hr.  The  addition  of  hydrogen  chloride  was  continued  at  a 
slower  rate  at  5 to  10°C  for  a period  of  5»5  hr.  The  final  mixture  was  stored 
at  0°C  overnight  and  the  precipitate  was  removed  by  filtration  and  wasned  r/ith 
cold,  absolute  ether.  The  precipitate  of  imido-hydrochloride  was  immediately 
converted  to  methyl  azo  bis- isobutyrate  on  dissolving  in  5CX)  ml  water.  The 
layer  of  oily  product  was  separated,  freea  of  a small  amount  of  ether,  and 
recrystallized  from  100  ml  hexane.  The  yield  of  lCh.5  gm  of  methyl  azo  bis- 
isobutyrate  (ny  25  to  26®C)  corresponds  to  06, h?  of  the  theoretical. 
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6,  Preparation  of  Qlycldyl  Butyrate 
a.  Discussion 

(1)  Work  to  date  has  shown  that  glycidyl 

trinitrobutyrate  does  not  pol3nneri2e  readily  to  high-molecular-weight  products. 
The  literature  on  etlylene  oxide  and  propylene  oxide  erization®  irdicates 

that  (1)  acidic  catalysts  do  not  yield  products  of  as  nigh  molecular  weight 

as  do  alkaline  catalysts}  (2)  1,2-propylene  oxide  does  not  polymerize  as 
readily  to  higher-molecular-weight  polymers  as  does  ethylene  oxide, 

(2)  To  determine  whether  the  limited  results  obtained 
to  date  are  due  to  the  rather  large  butyroxymethyl  side  chain  of  the  glycic^yl 
U,U,h-trinitrobutyrate  molecule  or  to  specific  effects  of  the  terminal  tri- 
nitromethyl  group,  it  has  been  suggested  tliat  a model  compound,  glycidyl 
butyrate,  be  prepared  for  polymerization  studies  which  will  include  the  use 

of  alkaline  catalysts. 


(3)  The  desired  con^^ound  was  prepared  by  the 

following  reaction: 


0 

II 

CH2-CH-Ci2-0-C-CH2-CH?-CH3  ♦ C6H5COCH 
0 


b,  Experimental 

(1)  Allyl  Butyrate 

Approximately  132  gm  (1,5  mols)  n-butyric  acid, 
131  gra  (2,25  mols)  allyl  alcohol,  200  ml  benzene,  5 gm  of  p-toTuene  sulfonic 
acid  monohydrate,  and  0,5  gm  of  1,3, 5- trinitrobenzene  were  refluxed  until 
water  could  nc  longer  be  removed  by  azeotropic  distillation.  The  initial 
reaction  ten^erature  of  79®C  rose  to  81  to  82^0,  The  mixture  was  then  re- 
fluxed for  an  additional  half  hour  (total  reflux  time,  2-1/U  hr).  The  aqueoris 
azeotrope  layer  weighed  33  gm  (theory  requires  27  gm  of  water).  The  acid 


CH2-CH-CH2-a-^CH2-CH2-CH3  ♦ C^H^C 

0 ^CH 


38 

Carbide  and  Carbon  Chem,  Corp,,  British  patents  58li,3<’7  and  610,505} 

H,  R,  Fife  and  F,  H,  Roberts  (to  Carbide  and  Carbon  Chem,  Corp,),  British 
patent  601,60h, 
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catalyst  nas  then  neutralized  with  5 go  of  sodium  bicarbonate  and  the  benzene 
and  excess  allyl  alcohol  was  distilled  off  through  a two-foot,  packed,  total- 
ccndensation-head  column.  FVon  55°C/3li  mn  to  59®C/31  n«n  a small  intermediate 
fraction  was  collected.  Almost  all  of  the  main  product  cams  over  at  59  to 
60®C/3l  mn,  yielding  176  gm  (9?X  of  theoretical);  the  n^  was  l,hl30.  After 


1 ^distillation  at  atn^spheric  pressure  the  middle  fraction,  liiO  to  lUl^, 
had  an  of  1.U31  and  d^  of  0.896.  The  determined  was  35.21,  as 


cotqparrd  with  the  calculated  value  of  35.69. 


(2)  Glycidyl  Butyrate 

For  the  conversion  to  the  epoxide,  5l  g^i  (O.U 
mol)  allyl  butyrate  was  dissolved  in  $0  inl  chloroform,  chilled  to  0^,  and 
reacted  with  1100  ml  of  O.liSM  perbenzoic  acid  (1/3  excess)  in  chloroform.  The 
utilization  of  the  perbenzoic  acid  was  more  rapid  than  by  allyl 
trinitrobutyrate.  To  ensure  coe^lete  conversion  to  the  epoxide,  an  additional 
UOSC  of  the  perbenzoic  acid  solution  was  added  when  the  disappearance  of 
active  oxygen  ceased.  The  benzoic  and  perbenzoic  acid  were  removed  in  the 
usual  manner.  The  residual  oil  obtained  after  evaporation  of  the  chloroform 
weighed  56  gm  (975C).  Fractionation  of  this  oil  at  7,5  nm  yielded  12  gm, 

bp  78  to  79°C,  n^^  - 1.U282,  d^  - 1.03li.  The  first  l.b  gm  that  distilled 

over  had  an  n^  of  l.lj28l;  in  subsequent  fractions  the  n^  was  1«Il27U  and 

1.14272.  The  equivalent  weights  on  saponification  were  H43.5  and  IU3.U 
(theoretical  liiU.lS). 

Anal,  calc'd  for  C7H12O3:  58.31;  %H,  8.39;  . 36.1 

Found:  %C,  58.35;  JCH,  8.32;  M^,  35.89 


VII.  SAFETY  PRACTICE 

A.  INTOODIJCTION 

It  has  becofse  the  practice  on  this  contract  to  maintain  a section 
on  safety  procedures  in  order  to  report  fires,  fume-offs  and  explosions  as 
well  as  the  methods  adopted  for  their  prevention.  IXiring  the  past  qxiarter 
one  fune-off  was  encountered  idiich  may  be  expected  in  other  cases  where  the 
silver  nitrate-sodium  nitrite  oxidative  nitration  is  used. 

B.  FUME-OFF  IN  THE  PREPARATItN  OF  1,1-DINITOOETHAME 

During  the  preparation  of  ) ,1-dinitroethane  from  nitroethane  by 
the  silver  nitrate- sodium  nitrite  oxidation  the  silver  is  reduced  to  silver 
metal.  On  a li5-n>ol  scale  the  quantity  of  reduced  silver  metal  is  appreciable. 
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This  silver  must  be  separated  from  the  reaction  mixture  before  it  can  be 
worked  up.  The  silver  in  this  instance  was  collected  on  a large  Buchner 
funnel  and  washed  with  water.  However,  a good  deal  of  the  oily  dinitroethane 
was  apparently  still  adsorbed  on  the  surface  of  the  finely  divided  silver. 

As  air  was  drawn  through  the  silver  mass  the  dinitroethane  started  to  react, 
evolving  large  volumes  of  nitric  oxides*  This  decomposition  could  not  be 
stopped  by  further  water  washings  and  it  was  necessary  to  dum;''  the  contents 
of  the  funnel  into  a large  crock  of  water  in  order  to  stop  further  a»xi  more 
violent  decomposition.  In  order  to  prevent  such  occurrences  the  procedure 
of  isolation  for  the  dinitroethane  has  been  changed.  The  reaction  mixture 
is  now  made  basic  so  as  to  convert  all  the  dinitroethane  to  the  soluble  sodium 
salt.  Then,  on  filtration,  the  silver  is  readily  purified  by  water  washing. 
Acidification  of  the  filtrate  permits  the  separation  of  the  dinitroethane  in 
good  yield  with  a minimum  of  danger. 
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Pat«  Qu«at!onnair«  on 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Liatr(^  balov  ara  the  charactrrlatlca  which  ara  ballc'>*<)  to  be  of  laportance  In  the  atud;  of  a coapouad 
which  aay  poaalblr  bo  used  as  a eonstltuert  oi*  solid  prcpellanta  ~>r  other  axploslwca.  It  la  not  exoeeted 
that  all  thla  Infonaatlon  will  be  arwllable  for  eewry  cotpound.  for  esswpla,  with  a cow  pound  abawlaf  poor 
atablllty,  It  la  probably  not  adrlaabla  to  ir.Testlfwte  that  eaxpound  farther,  /tftar  placlaf  auch  Infotaatloo 
«s  la  awallable  for  a eowpound  which  you  have  prepared  or  tasted  on  one  of  thass  forwn,  send  It  to  SOUS 
moraiXANT  INFORM/ITION  IGEMCT,  IPl/JHT},  8621  Georfrla  Awe..  Sllvai  Sprlnf,  Maryland.  As  additional  lnfor«sticn 
OB  the  Mae  or  new  ccapoonds  accrues,  forward  It  on  a tlRllar  fora  at  a later  date.  The  Inforaatloc  subaltted 
oo  thass  forws  will  be  rewritten  and  published  by  SPIA  In  loose- leaf  aanual  fora.  These  ferae  aay  also  b# 
osed  as  work  or  data  shaats  for  your  aroerlaental  atujiles.  Extra  copies  are  swtllabla  upoo  ref^uest  froa  SPIA. 
Suggestions  for  laorowsaant  of  these  foraa  ara  Inwltcd.  If  lnsufflclei.t  snaee  hae  be«n  provldad  for  any  Itaa, 
attach  ssparete  shaeta. 


COMPOUND: 

Name  Pentaerythrltol  Acrylate  Trinitrate 
Empirical  formula  iN i 

Structure:  (conflfuratioe) 

O2NOCH2  0 

O2NOCH2-C-CCH2OC-CH2CK2 

02NotH2 


Informatloo  submitted  by: 

Activity Aero.jet  Eneineerijig  Co^oratiort* 
Person  C.  Venneman.  H.  Farrette 
Date  25  January  1955 


1. 


Pr.BU-.tlo,  r.o:UoX.):  (02>ira2),CCH2CH  . tMs-CHOCCl  » 

(OoHt)CH2ljCnH2UUCCH-CH2  " ~ 

Quantitative  analysls:(<  by  weight) 

Carbon  Hydrogen  Oxyaea  Nltrocen 
Calculated  from  formula  29»5$  3«Ul  $h»x2  12,92 

By  determinatloo  28 .99  3.22  12.66 


Impurity , deternjjied 
from.  melting-.pqir.t 


2.  Burning  properties: (eocpsrwd  to  nltroeelluloaa,  undar  nitrogen  at  stBoapbarlc  prasaurwi) 

(faalert  alawsrT  raslduet  atcTJ 


8.  StabUity  and  Sensitivitr  Plot  any  grapha  on 

saps rate  sheet 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 


Recommended  method 
58RDH55 
06RD  3401  p.8 
OBRD  3401  p.lO 
06RD  3401  p.e 
08R0  3401  p.6 


Plseuas  nathods  used  whan  they  vary 
froa  rwfarancas.  Give  teeparatnra  used. 

(Use  separata  shast  if  naeasaary.) 


13li.5^C.  methyl  violet  paper 


f.  Thermal  Stability,  65.5°C  Plcatlniiy  Ar.senal  Rftport  TTo.  lUOl.  saffiplerKI- 

h!  Impact  Siability  ~~ 


S vdJTCh  IDADGX*  • 

Bureau  of  vines  Bull.  No.  3tto,  ^ kg  wt.,  ohOty 


Reference  compound  

(daeignatioo-TIir,  Tetryl,  S.C.,  ate.) 

a.  

b.  K'itrocelliiloae:  30  min,  no  color 

c.  

d.  

e.  

f.  Nitrocellulose;  l6  min,  no  color 

t RM  2B  cm.  PkW  I7~^ 


RESULTS  OF  ABOVE  TESTS 


New  Compound  test  results 

Colored,  J hr;  no  change  in  ajipearance, 
5 hr 

Ho  color  or  change  in  appearance,  5 hr~ 
lUTcm'.TTb 


4.  Heat  of  formation:  (aH)  ♦ -15$ 

(indicate  sign) 


Xf.  calories  at  26\1.,  1 atm.  pressure 

•Compound  was  first  prepared  by  Allegai^  Ballistics  Laboratory . 
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By  Experiment  By  Cxlculatlon  Method 

or  rafcx'nM*. 

. it 

i.  Energy  of  explosion  (Q)  cal/gm 

(•t  JSW'.  HjO  liquid)  

«.  Heit  of  combiictloo  (H,.)  2850  ral/gm  299L  Aerolet  Report  No.  Ll7A 

(•t  250T:.  H2O  liquid) 

7.  Specific  Impulse  (Isp)  calc:  Ib-sec/lb 

0.  Physical  form  of  Componnd(Tlaeoua  llnuld,  cryatalllne  tyoe,  etc.)  - 


9.  Simple  microscope  analysis  data:  Small,  white,  rod-shaped  or  needle-shaped  crystals 

(oryetel  studlae) 

10.  DensltyiHacro  aethod)  ^m/cm^.  (Micro  or  other  aethod)  gm/cm3. 

Tfhroleln  on  separate  sheet  any  unique  aethnds  you  use.) 

11.  Index  Of  refracUoK  ) 12.  Color  13.  Odor  None  . 

14.  oH  at  25^.  6,3  (Method  reference  CSRD  3401  o.4,  or  08M)  5968.  Indlce,te  aethod  used,  l,e, 

soleent  sod  cooMntratlona  used.  pH  Indicator  oaoer  or  Bedaaoi  aeter.)  vlater , Saturated 

solution.  Beckman  meter. 


15.  Hygroscoplclty: 

New  Compound 

Visible  change  on  exposure 

to  ambient  air.  

% wt  Increase  by*  (a)  or  (b) 

(Strike  out  aethod  (e)  or  (h)  ir  aot  used.) 

■Method: 


Reference 

Compound 

( designetloa  ) 


(ir  other  than  heloe  aethods  are  used, 
exnlaln  od  separate  sheet.) 


(a)  The  saaple  (eoprox.  5>10  y.  of  ehole  (n*sln  eaall  poeder  or  1 yraln  of  large  ooeder)  la  placed  In  a 
glass  eeV'olng  bottle.  The  weighing  bottle  (cower  reaored)  la  placed  In  e wacuua  drying  owen  for  5 hre. 
• 55®"-*  Reaowe  eelghing  bottle  froa  owan,  cower  eith  glasa  etopner,  cool  In  a deelceetor  end  eelgb 
accurately.  This  Is  taken  as  original  dry  ealght  of  ssnple.  Then  place  ealghlng  bottle  (cower  reaowed) 
In  a hualdor  (e  10-ln.  deelceetor  le  s eatlsfectory  weseel)  containing  1 liter  of  18.6  t,5i 
(This  glTea  relatlwa  faualdlty  90t.25*).  Piece  In  an  owen  aalnteLnad  at  30t2OC.  On  the  fourtn  day 
raaowa  eelghing  bottle  froa  the  hualdor,  cower  elth  glasa  stopner,  cool  In  e deelceetor  end  eelgb. 

Than  return  to  hualdcr  for  24  hours,  cool  and  reeelgh.  Continue  telly  weighings  until  constant  Bslght 
Indleatas  aaaple  has  reached  aquillbriua  alth  90^  R.H,  The  % ealght  Inc’-ease  Is  then  reported  aa 
hygroseopieity  of  the  aaaple. 


(b)  An  altamata  aethod  la  In  QSRD  3401  p.3. 


16.  VolXtlllty:Raixwt  aa  rata  of  lost  In  et  1 per  unit  sree  (for  liquid  eeanlea  aeeeure  the  surfece  arwai  for 
aollds,  the  aaaple  should  be  screened  beteeen  lOCV-120  aeeb  D.S.  Standard  certified  elewa)  per  4 hre., 
after  eonatant  rata  of  loas  Is  obtained  during  three  conaacutlwe  f-hr.  nerlnda  et  (a)  25*V:  In  a veaeal 
through  ahleh  a atraaa  of  dry  air  la  forced,  \b)  In  an  jtwen  et  65.5"0  or  (c)  under  other  teet  aethod  or 
condltiona.  


(Deaoriptlon  or  referenee  to  other 
VoUtillty  results  on:  New  Compound 


a. 

b. 

c. 


taai  or  conditions  used.  Usa  asparata  shsat  if  necsssaryTT 

Reference  Compound 

(daalgnatlon) 


a. 

b. 

c. 


17.  Bolling  point,  or  decomposition  temperatxu'e:  *C. 

(andarllns  ebieh  taaparatura  la  reported) 

18.  Heat  of  Vaporization;  g-cal./gm  BTU/lb. 

19.  Heat  of  Fusion: g-cal./gm BTU/lb. 

20.  Melting  poinU  73.7  3C. 
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21.  FreezInK  point  ts.  Time  Curve:  (Flcc»«  Mrk  the  eoon9inat«i  with  teal*  valua*  that  aoplj  to  tne  coapouad 

under  atud7.) 
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22.  Solubility  of  new  compound: 

0,01 

132 


g/100  ml  H2O  at  25“C. 


luliL. 


g/100  ml  Acetone 

~7aaae  aaterlad  used  t-S  aolvent) 

g/100  ml  Toluene 

(na»a  aateriel  need  aa  aolventT 


23. 


Viscosity  of  the  new  compound  and  its  solutions: 

SOLVENT 


NEW  COMPOUND 

•t.  i 

ic  aolutloa 

a.  100 

b. 

c. 

d. 

e. 

f. 


}(Aja 


100 


(13.1«  K.) 


NCRE 

NOC 


VISCOSITY  at  TEMP. 
CaDtlDoiaaa  °C. 


ST 


75 


70 


65 


g/100  ml  H2O  at 

at 

at 


X:. 


•c. 


METHOD  USED 
reference 


<1  ' 
!l  ( 


I I 

, I 


il' 


. t 

I ! 


Vlveetelev  saairjeWe  F^eeeri^  e< 
aeeie>rieel  aerytoSe  teteiarwW  te  lOer 
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tlDd*r  ecnwtablllty  »e  ir«  conslt^erinf  th»  ability  of  tao  canoojnda  to  bo  In  intiaate  contact  (Noto 
CSRC  5*^58  p.  ?l-22)  oror  a Ion/  porlod  of  tlno  althout  adrerae  effoct*  on  either  the  chealcal  or  ohyalcal 
orooartlea  of  either  aaterlal.  "''heBe  teata  elll  prob«My  be  of  varied  erteot.  Tb«7  al/h*  be  aooe  of 
the  folloelnfi  (a)  Standard  stability  teata.  (b)  Slaole  obserratlona  of  exudation  or  separation  at 
aablent  or  accelerated  taaoereture.  (c)  Prepare  thin  sheeta  (.0?5*  thick,  !■  aouare)  of  the  plaatlclxed 
naterlal.  Sepanite  the  eheeta  elth  st.loa  of  clfi*^~«<  pep*"  ''r  carbon  papvr  and  c^r's**  tha  stack  In 
a "f:*  clsap.  After  aeverel  day:,  note  the  oily  collection  on  the  oeoer.  Please  five  reference  to  or 
describe  procedure  uaed.  Itce  ?S  Is  to  indlcete  results  when  the  coMDound  Is  In  contact  with  soee  neterl- 
al  other  than  ethyl  cellulose,  nitrocellulose  or  mbber.  Test,  performed  by  dissolving  sample 
and  standard  substance  in  a common  solvent,  rapidly  on  a glass  plate,  and 

examining  the  resulting  film  for  clarity  and  homogeneity. 

25.  Compatability  with  ethyl  cellulose:  


20. 

CompatabUlty  with  nitrocellulose:  Ratio, 

~Wt~§5mpT5 

wt  NC 

?n/ftn 

Cnmpnt.lhir 

27. 

Compatability  with  rubber:  Ratio, 

Tft  .sample 

» t r ubbtjr 

?0/8t) 

incompatible 

Incompatible 

28. 

CompatabUlty  arith 

Incompatible 

20. 

Polymerizing  properties  of  the  new  comjXKtnd: 
(a)  By  itself  gives  acetone- insuj-uble 

polymer.  In  505f  acetone  solution-soluble 

(bi  In  mixtures  (»lth  additives)  polymer 

is  Obtained, 

(c)  Inhibiting  action  on  polymerization  of: 
Thtokol 

Methacrvlate 

Other  compounds 

30. 

Availability 

a.  Amount  now  ayailable 7 Research  quantities. 

b.  When  was  available  material  first  prepared  t 

c.  A mount  prepared  at  that  time  7 

d.  Is  larse  production  feasible  7 

3.  Plant  capacity  In  existancs,  5bs/day7 

1.  Outline  stepb  for  a quantity  production  method 


^1.  Additional  Information:  (toxicity,  hesards,  daterlorstloo,  ox7Ken  balsncs,  dstooatlon  rata,  erploslvs 

o^er,  aass  of  hydrolysis  by  aatsr,  ate.  List  refsrsness,  raoorts,  data  books,  ate,  that  rafar  to  tha 
ccapound.)  
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Tiata  OuaatJonnalra  ea 

COMPOUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Llated  baloa  ara  tha  cbarecterlatlca  ahleh  ara  ball«'*ad  to  ha  of  laportanea  In  tba  atudj  cf  a caapouad 
ahleh  aay  poaalbly  ba  uaad  aa  a eooatituar*'.  of  solid  propallaata  or  other  axploalaaa.  It  la  not  sxrectad 
that  all  tbla  infoiaatlon  all!  be  available  for  eaary  eoapound.  For  eaaapla,  altb  a coapouad  aboalac  poor 
ftabilltj.  It  la  probably  not  adrlaabls  to  Inaeatlpite  that  coapotind  farthar.  Aftar  placli^  axicb  Inforaatloa 
It  la  aaallable  for  a eoapound  ahirh  you  haae  prepared  or  tested  on  one  of  tbeaa  foms,  sand  it  to  SOLID 
WOPELLAW  IHFORMATIOH  AGDCT,  IPL/JHD,  8621  Geer|(la  Are.,  Sllaer  Spring,  Maryland.  As  additional  inforaatlon 
oa  the  aaaa  or  naa  coapouads  accrues,  foraard  It  oo  a alailar  fora  at  a latar  date.  Tbe  inforaatlon  aubalttad 
CO  thaaa  foraa  alll  be  rearJtten  a?v1  ruhlished  by  SPIA  In  luoaa-leaf  nanual  fora.  Tbeaa  foraa  aay  also  ba 
iiaad  as  aork  or  data  sheets  for  your  emer]is*ntal  studies.  Extra  coplss  ara  STBllabls  upon  requsst  froa  SPIA. 
SuEgastlotM  for  lanroeoaant  of  these  foraa  are  inaltsd.  If  Insufficient  soace  has  bean  prorlded  for  any  itsa, 
sttaoh  ssparata  shasta. 


COMPOUND: 

Name  U,U.6,8 .8-Pentyiltr^l.ll-undecanedlol  Information  submitted  by: 

Empirical  formula  CnHioN<;0i9  Activity  Anro  let  Engineering  Corp-Tratlon 

Structure:(confifuratior.>  Person  G.  Linden.  R.  Parrette 

Date  25  January  19^2 


H0CH2CH2CH2C(N02)2CH2CH(N02)CH2C(N02)2CH2CH2CH2CH 


Preparation  reactlon(s):  Reduction  of  U,h.6.8,8-pentanltro-undecanedioyl  chloride 
with  HaBH^ 

1.  Quantitative  analysls:(E  by  asiKht) 

Carbor  Hydrogen  O^gen  Nitrogen  

Calculated  from  formula  31,96  U,63  Uori:6  16,9^  

By  determination  32. L6  lil60  16.90  ~ 


2.  Burning  properties: (ecaparad  to  nltrocellulosa,  undsr  nltrofen  at  staoapberie  prasaurat) 


(iFa  atari  slovarT  tmISusT  ate.) 


3.  Stability  and  Sensitivity:  Plot  any  (rranha  on 

separata  ahaat 


Name  of  test 

a.  Impact  Sensitivity 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 


Recommended  method 
06RD  3186 
06RD  3401  p.8 
OSRD  3401  p.lO 
06RD  3401  p.6 


niaeuaa  aathoda  used  vhan  tbay  vary 
frm  rafaranoas.  Clva  tanparatur*  uaad. 

(Usa  ssparata  ahaat  if  naeassary.) 


131;, methyl  violet  paper 


e.  Temperature  of  iCTltlon  OSRD  3401  p.O  

f.  Thercal  Stability.  6$,5°C  Picatinny  Arsenal  H^ort  No,  lUCl,  1.3--nn  satccle.' 


h.  Irrpact  Stability 


stzjrch  paper. 


Reference  compound_ 


Buroau  of  LMnos  Bull.  No.  31i6,  2-kp  wt,  ahnt..q 

RESULTS  OF  ABOVE  TESTS 


(daalgnatloD-TVr,  Tatryl,  K.C.,  ate.) 

a,  

hu  Nitrocellulose;  30  min,  no  color 

c.  

d.  

e.  

f.  Nitrocellulose;  10  min,  no  color 
g 


h.RDX  26  cm.  PETN  17  cm 


New  Compound  test  results 


Colored,  10  min;  exploded.  11  min 


Colored.  22  min;  no  change  In  aunearance. 
5 hr 

IQQ  cm,  no  shots 


4.  Heat  of  formation:  (aH)  ♦ -IJL 

(indlesta  aifn) 


Kg.  calories  at  26%.,  1 atm.  pressure 
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By  Experiment  By  ralculatloo  Method 

U,*arl,it,a  *r  •*fu*»* 

5.  cai/gm 

e.  Heat  of  combustlOB  (HJ  3567  cal/gm  3653  Aerojet  Report  No.  Ul7A 

(it  25tr.  H2O  liquid 

7.  Specific  Impulse  (Igp)  calc: Ib-sec/lb 

8.  Physical  form  of  compound (vtacoua  U-iul<',  frysullln*  tyoe,  etc,)  


8.  Simple  microscope  analysis  data:  Small.  light-yeUOff . pri«tmaMc  rryat^l*. 

(eryatal  ■tudiai) 

10.  Densltyfd*cro  Mthod)  1«58  gfn/rm3.  (Micro  or  other  MetRod)  gm/cm3. 

(Erolaln  on  saparat*  ahaat  any  unique  Methodi  you  uaa.) 

11.  Index  of  refractlOMC  ) 12.  Color  Lif^ht  yellowl3.  Odor  None . 

14.  |£  at  25X;.  U,7  (Method  reference  OSRD  3401  o.4,  or  08M)  5968.  Indlegje^^thod  i^adj  l^.a 

eoleeut  and  coDMntretiona  uaed.  p8  Indloator  oeoer  or  Beekaan  ^ eater.)  Water,  3at<lrat& 

solution.  Beckman  meter. 


15.  Hygroscoplclty: 


New  Compound 


Visible  change  on  exposure 


to  ambient  air.  

% wt  Increase  br*  (a)  or  (b)  

(Strike  out  eethod  (a)  or  (b)  ir  not  uaa? 


•Method: 


Reference 

Compound 

( dealgnetloD  ) 


(ir  other  than  beloe  ecthoda  are  uaao, 
axolaln  00  aanarate  ahaat.) 


(a)  The  aaaple  (anprox.  5-10  f,  of  ehola  grain  aaall  poerter  or  1 preln  of  large  ooedar)  la  placed  in  a 
glaaa  ealghlng  bottle,  The  eelghlng  bottle  (corer  reeoeed)  la  placed  In  a racuue  drying  oaan  for  5 hre. 
• 55B:,  Rauove  ealghlng  bottle  free  oeen,  cover  with  glaaa  atopner,  cool  In  a dealccator  and  ealgh 
accuretaly.  Thla  la  taken  aa  original  dry  eelght  of  aampla.  Then  place  ealghlng  bottle  (cover  reeoved) 
In  a hueldor  (a  10-ln.  dealccator  la  a aatlafac^tory  vaaaal)  containing  1 liter  of  lB.6t.5g  H2SO/. 

(Thla  glvea  ralatlva  faualdlty  90t.25<).  Place  In  an  oven  aalntalnad  at  30t2®C.  On  the  fourth  day 
raoova  ealghlng  bottle  fren  tba  husldor,  c^er  elth  glaaa  atopoer,  cool  In  ■ dealccator  and  ealgb. 

Ttwn  return  to  honldor  for  24  hours,  cool  and  ravalgh.  Contlnns  dally  ealghlnge  until  conatant  sslght 
Indleataa  aanpla  has  raaohad  aqulllbrlun  vlth  90%  R.H.  The  % valght  Increaae  la  than  reported  aa 
hygroseoplclty  of  tba  aanpla. 


(b)  An  altamata  nathod  la  In  CBRD  3401  p.3. 


18.  VolxtilltytRaport  a a rata  of  lose  In  at  % per  unit  eree  (for  liquid  aaepl-s  neeeure  the  surface  aree)  for 
aollda,  the  eaiB)ls  should  be  acraanad  batwaan  10CV120  nsah  U.S.  Standard  oartlfiad  alave)  par  4 hra., 
•flar  conatant  rata  of  loaa  la  obtalnad  during  three  conaaontlva  4-hr.  parloda  at  (a)  25*fe  In  a vaaaal 
through  which  e atreen  of  dry  air  la  forced,  (b)  In  an  oven  at  65.5®^  or  (c)  under  other  teat  nathod  or 
condltlona.  


(Daeerlptlos  or  raferaooa  to  other  i«ai  or  eondltlona  uaad.  Uaa  aapnrate  ahaat  If  naoaaanry.) 

Volxtillty  results  on;  New  Compound  Reference  Compound 

(daalpiatlon) 

».  X. 

b.  b. 

c.  c.  


17.  Botllng  point,  or  decompoeltloo  temperature: 

(vindarllna  which  tenpereture  la  reported) 

18.  Heat  of  Vaporlxatloa:  g-cal./gm  BTU/Ib. 

19.  Heat  of  Fusion:  g-cal./gm BTU/lb. 

aO.  Melting  point  109  to  110  *C. 
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21.  Freeclng  point  vs.  Time  Curve:  (PImm  aerk  the  eoor«^lnat«*  vlth  aeale  valuta  that  auply  to  the  coapcund 

under  atu<)7.) 

Unstable  at  Melting  Point  (See  3b  and  3f) 


22.  Solubility  of  ncx;  compound: 


<0.C1 

«/100  ml  H*0  at  25“C. 

k/100  ml  H2O  at 

tl. 

206 

k/100  ml  Acetone 

at 

25 

•c. 

<0.C1 

(najia  aatarial  used  aa  solvent) 

g /lOO  ml  Toluene 

at 

25 

_ *C- 

(naaa  aatarlal  uaad  m aolvant) 


23.  Viscosity  of  the  new  comsmund  and  Its  solutions: 


NEW  CC»fPOUND 

at.  t 

In  aolutloa 
a.  100 

SOLVENT 

VISCOSITY  at  TEMP. 
CaatlDolaaa 

25 

METHOD  USED 
rafaraaea 

NUa  ln*aSl^aB 

von 

b. 

100 

v6* 

c. 

95 

H.O.  U3.15*  V.)  5 

25 

d. 

e. 

f. 

91W«vt*lwt  i»eii  yUaw  ef 

jUerewSte:  te 
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DBd*r  coy tabillty  ••  ar*  eonalcfarin^^  iha  ability  of  too  ccBpcunOa  to  ba  in  Intlaata  contact  (Note 
C6NC  57^  p,  ?l-22 ) orer  a loo*  porlod  of  tine  althout  adrarae  affacla  on  either  the  chealcal  or  ohyalcal 
orooertlea  of  either  aoterlal.  Thaaa  teata  will  probably  be  of  varied  extant.  Tbay  ai*ht  be  ao*c  of 
the  folloalnci  (a)  Standerd  stability  teats,  (b)  Siaola  obaarvatlona  of  exudation  or  separetioo  at 
aablant  or  accelerated  teaperatnre.  (e)  Prepare  thin  abeota  (.025”  thlrk,  1*  aotwre)  of  ^he  plaaticlaed 
aaterlal.  Separate  the  aheeta  slth  atrloa  of  cli^rette  caper  or  carbon  paper  and  coaipress  the  stack  in 
a *C*  claap.  After  aevaral  daya  nota  the  oily  collection  on  the  tiaper.  Pieces  give  reference  to  or 
describe  oroeedura  uaed.  Iten  ?8  Is  to  Indicate  reaulta  when  the  eoanound  la  In  contact  with  aoae  materi- 
el other  than  ethyl  celluloae,  nltroeelluloee  or  rubber.  Test  performed  by  dissolving  sample 
and  standard  substance  In  a common  solvent,  drying  rapidly  on  a glass  plate,  and 
25.  ^ homogeneity. 


30. 


27. 


28. 


Compatablllty  with  nitrocellulose: 

„ wt  sample 

Ratio. trN  ■' 

cumpsrcxDie 

Cuinj.  ci  t>  xdXc 

Compatabllltv  with  rubber: 

Ratio.  wt  sample 

wggjgggjm^nj^^^^ 

r.nmpat.ihla 

Compatabllity  with 

Qo/20 

Incodpatible 

29.  Polymerising  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  In  mixtures  («Uh  additlvee)  ZIZZIZIZZiriZIIZII 

(c)  Inhibiting  action  on  polymerization  of: 

Thlokol  

Methacrylate  

Other  compounds  

so.  ATallabillty 

a.  Amount  now  available?  Research  qnant.it  lftg 

b.  When  was  available  material  first  prepared  r 

c.  Amount  prepared  at  that  time?  

d.  Is  large  production  feasible? 

e.  Plant  capacity  In  existance,  lbs /day? 

f.  Outline  steps  for  a quantity  production  method  


SI.  Additional  Informatlo.-  (toxicity,  hasards,  datarl oration,  oxyKan  balanca,  datonation  rate,  arploaiva 

poaer,  aaaa  of  hydrolyaia  by  watar,  ate.  List  rafarancaa,  raporta,  data  books,  etc.  that  rafar  to  tha 
eenpouad.) 
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irxT'' 


T>at«  OMstJonialn  oe 

COMPOUNDS  FOR  USE  AS  INGREDIEKTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 

iMla*  are  t)«  ebaraetarlatlea  vhleh  ara  balla«a<)  to  be  of  ivportanca  lo  the  attidy  of  a 
which  way  poaalbly  ba  aaad  aa  a eoeatltuer*  of  solid  prooellanta  nr  ether  arploalwwa.  It  la  not  croeetad 
that  all  tbla  inferaatlon  will  be  awallable  for  rnry  eoapound.  for  anapla,  with  a eoapcu&d  ahoolsf  poor 
atablllty.  It  la  pr<)bab:.;r  not  adrlaabla  to  Inrnstlfvta  that  ecnpound  'aithsr.  tftar  plaeli^  aueh  Infoi-Mtioe 
IS  la  awa) labia  for  a c«tpound  which  you  have  praparad  or  taatad  on  oar  of  thaaa  forva,  aaod  it  to  SOLID 
nORLLANT  UffORMATICN  iCUCT,  iPI/JHl,  S621  G«or|(la  Awe.,  Slleer  Sprint,  Maryland,  ia  additional  Inforaatlon 
oe  the  aaea  or  new  eoepcunda  aoeruea,  forward  It  on  a aiellar  fore  at  a latar  date.  The  Inforwatloo  ax^lttad 
oa  tbaa>  forea  will  ba  rswrlttao  and  published  by  SPIA  In  Inoaa-laaf  eaitial  fore.  These  fores  any  also  ba 
Bawd  ss  work  or  da'.a  abasts  for  your  eroeriaental  stcdlea.  Extra  eoplas  are  awailabla  upoe  rc^uast  free  SPIA. 

for  laoroswasnt  of  thasa  forea  are  lowitad.  If  Inaufflelant  aoaee  has  bean  prowlded  for  sny  Haa, 
sttaoh  separata  slwstii, 

COMPOUND: 

Name  ,11^6,6^8 ,8— Hex&nltro-l  .11— uiidec&nedio^nfnrnnaunn  submitted  by: 

Empirical  formula  AclirltyAero.let  Engineering  Corporation 

Structure: (eonfl((urwtioe)  Person  G.  Linden.  R.  f*arrette 

Date  7K  Jannar>-  19<^2 

HOCH2CH2CH2C (NO2) 2CH2C (NO2) 2CH2C (NO2) 2CH2CH2CK2CH 

Preparation  reactlon(s):  Rnduction  of  U,Ua6,6,8,&-hexanltrc-I,ll-umiecanedioyl 

chloride  with  NaHtj^ 


1.  Quantltattr*  analysls:(t(  by  welcht) 

Carbon  Hydrofen 
Calculated  from  formula  28,93 
By  determination  29.^0  3.8L 


TCTT 


1.  Buminf  properties: (eonparad  to  nltroeellnloaa,  under  mtrofan  at  stmsatbarle  praasurwi) 

(faatart  aloear?  rsalduat  ate.) 


I.  Stability  and  SenslttrltT'  Plot  any  craptM  on 

saps  rata  ahMt 


Name  ^ test 
s.  Impact  Sensltlwlty 

b.  Thermal  Stability 

c.  Vacuum  Stability 

d.  Temperature  of  Explosion 

e.  Temperature  of  Ignition 


I>isenss  nathods  uaad  whan  they  wary 
fron  rafaraneas.  Cl we  taeparwtura  used. 
(Use  separata  abaat  If  aaoetHry.) 

Recommended  method 

OBRD  3185  

OBRD  3401  p.8  methyl  ▼lolet  paper 

OBRD  3401  p.10  

06RD  3401  p.6 
OBRD  3401  p.« 


f.  Thermal  Stability.  65.5°C  Picatinny  Arsenal  Repcrt  Wo,  UiOl;  1.3-gm  sample.  Kl- 


h.  Impact  Stability" 


Bureau  Mines  BulT 


50^  sH5Ti~ 


Reference  compound  

(dMlpwtloo-nrr,  Twtryl,  S.C.,  ate.) 

a.  

hu  Nitrocellulose;  30  min,  no  color 

c.  

d.  

#.  

f.  Nitrocellulose;  1C  min,  no  color 


jgaULTS  or  ABOVE  TESTS 


IL  kf)X  cm,  1'/  cm 


New  Compound  test  results 
Colored.  ^ min;  exploded.  6 min 

Colored  16  min;  no  change  in  appearancT. 
cm.  rio" shots  _ 


4.  Heat  of  formatlan:  (aH)  ♦ -173 

(iDdieeta 


Kg.  calories  st  26%.,  1 atm.  pressure 
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By  Experiment 


By  Calculation 


5.  Energy  at  explosion  (O) 

(•t  }5°^.  HjC  liquid)  

6.  Heat  ot  combustion  (H-) 

(•t  250^.  H2O  llqulcO 

7.  Specific  Impulse  (Isp)  calc: 


cal/gm 


3205 


cal/gm 


lb-sec /lb 


8,  Physical  form  of  COmpound(viacoua  ll-uid,  cryatalllne  tyoa,  etc.) 


Method 

._•>  or  rofoL 
If 


or  rofor#ftc«.  Sopu«to 


Acrojvt  P°>">ort.  L17A 


8.  Simple  microscope  analysis  data;  Small,  light-yellow,  rod-shaped  or  needle-shaped  crystals, 

(cryatal  atudlaa) 

10.  Densltyibacro  ■•thod)  ______em/cm^.  (Micro  or  other  sethod)  gm/cm3, 

Itrolaln  on  aeparata  ahaet  any  uninue  aethoda  you  usa.) 

11.  Index  of  refractloB  (no^*^*  ) 12.  Color  Lipht  yellov*3.  Odor  None . 


14.  at  25*0.  Um^  (Method  reference  CSRD  3A01  o.t,  or  l6RD  5968.  Indicate  aethod  uaed,  l.e. 

aolTent  and  cooeentrationa  <ued.  pH  indicator  oeoer  or  Baclcaaa  j£  aeter.)  ^ator  , sat^iTated 


solution,  Beckman  meter. 


15.  Hygroscoplclty. 

New  Compound 

Visible  change  on  exposure 

to  ambient  air.  

% wt  Increase  by*  (a)  or  (b) 

(Strike  out  aethod  (a)  or  (b)  I**  not  uaed.) 

'Method: 


Reference 

Compound 

( deaifmatloe  ) 


(ir  other  then  heloa  aethoda  are  uaed, 
e.-tolaln  00  aeoerate  aheet.) 


(a)  The  aaaole  (eoorox,  5-10  y,  of  ehole  yraln  eaell  poeder  or  1 preln  of  lerite  noader)  ia  placed  in  a 
ylaaa  eeiyhlny  bottle.  The  aeighin^  bottle  (co*er  reaoeed)  ia  placed  in  a racuua  drying  oren  for  5 hre. 
• 55®^.  Reaore  aeighinf;  bottle  froa  oren,  corer  eith  ylaaa  atopner,  cool  in  a dealccator  and  eaigb 
accurately,  Thle  ia  Uken  aa  orlg:r,al  dry  weight  of  aanple.  Then  place  ealgblng  bottle  (cover  reaored) 
in  a humidor  (a  lO-in.  dealccator  la  a aatlafeetory  veaael)  containing  1 liter  of  18.6  t. 54  HjSO,, 

(Thla  glTea  relative  humidity  90  t, 254).  Place  in  an  oven  melntelned  at  30t2Qc,  On  the  fourth  day 
remove  eeighlng  bottle  from  the  tmmidor,  cover  eith  glaaa  atopoer,  cool  in  a dealccator  and  aaigh. 

Than  return  to  numidor  for  24  boura,  cool  and  reveigh.  CoDtimie  daily  aelghinge  until  constant  aeight 
indicates  Maple  haa  reached  aquilibrixim  eith  OOJl  P.,H.  The  % weight  ircreaae  is  then  reoortad  as 
hygroacopiclty  of  the  Mapls. 


(b)  An  alternate  method  ia  in  QSRD  3401  p.3. 


)5.  Volatility*  Re  port  aa  rate  of  lose  in  wt  4 per  unit  area  (for  liquid  asaplea  aessuu'w  the  surface  area;  for 
aolida,  the  Mitple  should  be  screened  between  100-120  mesh  U.S,  Standard  certified  sieve)  per  4 hra., 
aftar  conatant  rata  of  loaa  la  obtained  during  three  consecutive  4-hr.  perioda  at  (a)  25*^  in  a vwaawl 
through  which  a stream  of  dry  air  ia  forced,  (b)  in  an  ovwn  at  65»5®0  or  (c)  under  other  teat  method  or 
condltiona.  


(Description  or  reference  to  other 

Volatility  results  on:  New  Compound 

a. 

b.  

c. 


teat  or  condltiona  uaed.  Uae  aepairate  aheet  if  oacaeaary.) 
Relerence  Compound 

(dealgnatlon) 


a. 

b. 

c. 


17.  BoUing  point,  or  decomposition  temperature;  °C. 

(undarlina  which  temperature  la  reoortrd) 

18.  Heat  of  Vaporlxatlon;  g-cal./gm  BTU/ib. 

19.  Heat  of  Fusion; g-cal./gm > BTU/lb. 

20.  Melting  point  125  tc  125.5°C. 


rape  1C 
Af : endix  A 
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i 


21.  Freezing  point  vs.  Time  Curve:  (Ple«««  aark  th*  coort*lnat«c  with  icalc  valuaa  that  aopl;  to  the  coapouad 

under  atudy. ) 


Unstable  at  Welting  Point  (See  3b  and  3f) 


o 


UJ 

(T 

Z) 


< 

oc 

UJ 

o. 

2 

UJ 


22.  Solubility  of  new  compound: 


g/100  ml  HeO  at  25°C. 


g/100  ml  H2O  at 


t. 


11^2 g/100  ml  Acetone 

~Tn*iae  aatarlal  uaed  as  aolvent) 

0«C2 g^lOO  ml  Toluene 

(naM  latarlal  uaed  as  solventT 
2^.  Viscosity  of  the  new  compound  and  its  solutions: 


at  2^  *C. 

at  2$  "C. 


NEW  CCMUPOUND 

•t.  t 

in  aolutioB 

a.  100 

b.  100 


SOLVENT 

NAXE  la*lSlStieB 

NOKE 

SoB 


VISCOSITY  at  TEMP.  METHOD  USED 
CvntiDoljet 


21 


I 

I 

I 


i 


( 


f 

f 

1 1 
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Under  eoaoetebilltT  ee  ere  conalderiof  the  eblllty  of  teo  conDo>mdi  to  be  Jn  intiaele  connect  (Note 
OSRS  ?758  p.  ?l-22)  orer  e loivf  period  of  tloe  elth'^t  edeeree  effact.a  or  either  the  cheelcal  or  phyalcal 
nrooertlea  of  either  eaterlal.  ‘''heae  teata  elll  probably  be  of  verled  extant.  ThoT'  eleht  be  acaie  of 
the  folloelni't  (a)  Standard  etablllty  teata.  (b)  Slonle  bbaertetlona  of  exudation  or  aeparatloo  at 
aablent  or  accelerated  teaoefatrre.  (»•)  Prepare  thin  ahaata  (.025*  th<ck.  1*  apuara)  of  the  plaatlclaed 
naterial.  Sapemte  th:  ahaata  with  atrlna  of  cli^rette  paoer  or  carbon  roper  and  coaipreaa  the  ataek  in 
a "C*  elaap.  After  aeTeral  daya  note  the  oily  collection  r>n  the  caper.  Pleaae  gi<tt  reference  to  or 
daecribe  nrocedure  uaed.  Itea  ?8  la  to  indicate  reaulie  •her.  the  conpcaind  la  in  contact  with  aooe  materi- 
al other  then  ethyl  cclluloae,  nitroeelluloaa  or  ru'ber.  Test  perrcnped  by  dissolving  SSmple 
and  standard  substance  in  a common  solvent,  drying  rapidly  on  a glass  plate,  and 
examining  the  resulting  film  for  clarity  and  homogeneity." 

25.  Compatabnity  with  eth^  csHtlose:  ^ 


CompatabUlty  arlth  nitrocellulose;  Ratio. 

wt  saupie 
wt  NC 

?o/Rn 

CompAtlblp 

to/50 

Compatible 

30^^0 

Compatible 

Compatablllty  adth  rubber:  Ratio. 

wt  sanroxe 
wt  rukoer 

50/ya 

fi-ntiipati  bl  A 

Incompatible 

00/ ^0 

Incompatible 

Compatablllty  with 

39. 


30. 


Polymerizing  properties  of  the  new  compound: 

(a)  By  Itself  

(b)  In  mixtures  («lth  edditleea)  ~ 

(c)  Inhibiting  action  on  polymerization  of: 

Thlokol  


Methacrylate 


Other  compounds 

AvallabUlty 

a.  Amount  now  available? 


b. 

c. 

d. 

e. 

f. 


Research  <niantities. 
When  was  svallable  material  first  prepared  ^ 

Amount  prepared  at  that  time?  

Is  large  production  feasible  ? 


Plant  capacity  In  exlstance,  Ibs/day^ 

Outline  steps  for  a quantity  production  method 


31.  Additional  inCormation:  (teodclty,  btMrda,  d«t«rioratlon,  ozygae  balsDca,  datoeatlon  rata,  explMlva 

poaer,  eaaa  of  hydrolytlt  by  aatar,  ate.  Llat  rafarancaa,  raporta,  data  booka,  ate.  that  rafar  to  ttta 
eonpouad.) 
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r>*ta  Qu«8tl  cnriA  Ire  OD 

C(»(!POUNDS  FOR  USE  AS  INGREDIENTS  OF  PROPELLANTS  AND  OTHER  EXPLOSIVES 


Listed  below  ere  the  charscterletlca  which  ere  belle’»wd  to  be  of  Iwcortence  In  the  study  of  s coapound 
which  «sy  possibly  be  used  as  s corstltuer*.  of  solid  propellants  or  other  eroloslyes.  It  Is  not  ejroected 
thst  all  this  information  will  be  available  fer  every  compound.  For  example,  with  s coapound  showlnf  noor 
stsbllltv,  It  Is  orobebly  pot  advisable  to  investliPate  thst  compound  farther.  After  placing  such  Infomatlon 
tj  is  a vw liable  for  a coapound  which  yet:  have  pr«psred  ''r  ♦•sted  on  one  of  these  fenas,  send  it  to  SOLID 
PSOPILIAVT  IMFORMATTCN  AGEK^T,  APL/JHU,  H621  Georgia  Ave.,  Silver  Spring,  Maryland.  As  additional  Inforaatlon 
on  the  SSBS  or  new  coapmnds  accrues,  forward  It  on  s similar  fona  at  a later  date.  The  inforaatlon  subwlttad 
on  theae  forms  will  be  rewritten  and  published  by  SPIA  In  loose-leaf  manual  form.  These  forms  nay  also  be 
owed  as  work  or  data  shsets  for  your  crscrlsertal  studies,  txtra  ccples  are  svsllable  upon  request  fron  SPIA. 
Suggestions  for  Inorovansnt  of  these  foma  are  Invited.  If  Iraufflclent  snece  has  Deer,  prcrtijrc  for  any  iten, 
attach  separate  sheets. 

COMPOUND: 

Name  la2-bis(U,Ii,U-Trinit  robjtyroxy)  ethane  information  submitted 

Empirical  formula  CinHipNAOi^ Activity  Aerojet  Engineer  jnrr  Corporation 

3tructure:(confipuration)  Person  C.  Variner.an.  R.  Fari^ite 

Date  25  Jenuar;'^  19^2 


1. 


Preparation  reactlon(s).  CH2*CHC00CHpCH^CL'CCH=CH?  •»  CH(MOo)  q • 
4iirig)3CCHg(;.h2r.ncr.Hgr.HgL:trj.hgr.HV.  (MOg)  3 

Quantitative  analysls:(<  by  weight) 

Carbon  Hydrogen  Oxygen  Nitrogen 

Calculated  from  formula  25 2,5o  5it«21  17,30 

By  determination  25.32  2.5S  18.09 


± 


In-...urit.v , deterr  ined 
fron.  reltin, 7-point 
rurvit,  0.9  raol^ 


2.  Burning  properties: (ecstparwd  lo  nltroeellulosw,  under  nitrogen  st  sUospJasilo  prsssurw:) 


3. 


(fa  start  clowart  residua?  etc.) 


Stability  and  Sensitivity;  plot  any  graphs  on 

separata  sbast 


Plscuss  aethods  used  ahen  they  vsry 
fro*  references.  Civs  teaparature  ussd. 
(Use  separate  shset  If  nacassary.) 


a. 

b. 

c. 

d. 

e. 

f. 

g- 

h. 


Name  of  test 
Impact  Sensitivity 
Thermal  Stability 
Vacuum  Stability 
Temperature  of  Explosion 
Temperature  oi  Ignition 
Therral  Stability,  65 .5°C 


Impact  Stability 


Recommended  method 

OSRD  3ldi  

06RD  3401  p.8  13tj.5’^C.  methyl  violet  paper 

OSRD  3401  p.lO 
OSRD  3401  p.6 
OSRD  3401  p.6 

Ficatiiu:y  Arsenal  Keport  iTb.  lljOl;  17?^^  sanplg7~Kl~ 

starch  paper  ~ 

Biire&u  of  I'ines  Pull.  No,  3!iO;  2 kg  wt,.  50S  snots 


RESULTS  OF  ABOVE  TESTS 

Reference  compound New  Compound  teat  results 

(daalgnatloo-TKr,  Tstryl,  H.C.,  etc.) 

h.  Nitrocellulose;  30  min,  no  color  ~ Colored,  2b  min;  .no  change  in  appearr.noe , 

c.  5 hr  

d.  

f.  Nitrocellulose;  1C  min,  no  color  '’!o  color  or  cnanpe  in  appearance,  5 hr 

h!  RDX  2b  cm,  Ph'l'N  1/  cm  ' lUU  cm,  rib  


4.  Heat  of  foi  matlon:  (aH)  ♦ -208  Kg.  calories  at  26t.,  1 atm.  pressure 

TH...:c8ts  sign) 
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5. 

e. 

7. 


By  Experiment  By  Calculation 


Ei^rgj^^  cal/gm 

Heat  of  combustion  (HJ  2382 cal/gm  2h20 

(•t  aion.  HjO  liquid) 

Specific  Impulse  (IgjJ  calc:  lb- sec /lb 


Method 

or  roforomeo.  Sop*f*W 
•Jhool  if  ooBoo— y « 


Aerojet  Report  No.  Ul7A 


8.  Physical  form  of  compound (Tlaeoua  llnul<*,  crysUllln*  tyo*,  etc.) 


J.  Simple  microscope  analysis  data:  Small,  white,  prismatic  crystals 

(eryeUl  studies)  ^ 

10.  Densltyidaoro  asthod)  em/cmO.  (Micro  or  other  aethod)  gm/cm8. 

lExolsln  on  separate  sheet  any  unique  aetboda  you  uss.) 

11.  Index  oi  refracUooe  (n^**®*  ) 12.  Color  White  15.  Odor  None . 

14.  dH  at  2$1C.  6.1  (Method  reference  Q8RD  3401  or  08XD  5968.  Indlcs;^^  j*ethod  Mfdj_  ij^s.^ 

solTsnt  sod  coooentratlons  used.  pH  Indicator  oaner  or  Beokaen  jlT  water.)  V<ater , satUrateo 

solution,  Beckman  meter. 


15.  Hygroscoplclty: 

New  Compound 

Visible  change  on  exposure 

to  ambient  air.  

% wt  Increase  by*  ^a)  or 

(strike  out  aethod  (s)  or  (b)  ir  not  xised.) 

•Metho± 


Reference 

Compound 

[ dsslimatloD  ) 


(ir  other  than  beloe  aethoda  era  used, 
exnlsln  ot>  ssoerate  sheet.) 


(e)  The  eeaple  (approx.  S'lO  x.  of  whole  grain  saell  poeder  or  1 frrala  of  large  poader)  la  placed  1b  a 
glaee  ealghlng  bottle.  The  weighing  bottle  (cower  reaowwd)  la  placed  In  a wecuua  drying  owen  for  5 hrw. 
• 55^.  Reaore  weighing  bottle  frem  owen,  cower  with  glass  atopner,  cool  In  e desiccator  end  weigh 
accurately.  Thle  le  taken  as  original  dry  weight  of  senple.  Then  place  weighing  bottle  (cower  resowed) 
In  e humidor  (a  10-ln.  deelccetor  la  a setlsfectory  weasel)  containing  1 liter  of  lS.6t.5X  H2SO>. 

(This  glwes  relatlwa  bualdlty  90*,25t).  Place  in  an  owen  salntelned  at  30^2%.  On  the  fourth  day 
res  owe  weighing  uottle  tram  the  bualdor,  cosrer  with  glsww  atopoer,  cool  In  e desiccator  and  weigh. 

Than  ratura  to  busldor  for  24  hours,  oool  and  rwwwigb.  Ccntlnua  dally  weighings  until  constant  weight 
Indicates  aaspla  has  reached  aqulllbrlus  aith  90f  R.H.  The  t eelght  Inereese  le  than  reported  as 
hygroecoplclty  of  the  aanpla. 


(b)  Ad  alte.uste  ssinol  is  In  CBKD  3401  p.3. 


16.  Volxtlllty: Report  as  rate  of  lose  In  at  X per  unit  area  (for  liquid  seeplee  eessure  the  eurfece  erre|  for 
•ollds,  the  aa^la  ahould  be  eereeoad  beteeen  100-120  aaeb  O.S.  Standerd  oertifiad  elewe)  per  4 hra., 
after  conaUnt  rate  of  loaa  la  obtained  during  three  ccoaeeutlwe  4-hr.  parloda  at  (a)  25*t  In  a vaaaal 
through  eblcb  a atreas  of  dry  air  la  forced,  (b)  In  an  owen  at  65.5*^  or  (c)  under  other  Uet  aethod  or 
conditions.  


(Daaorlptlon  or  rafarenca  to  other 
VoUtUlty  results  on:  New  Compound 


X. 

b. 

c. 


teat  or  eondltlona  uaad.  Use  asperate  sheet  If  neeaaeary.f 

Reference  Compound 

(daslgnaiion) 


a. 

b. 

c. 


17.  Bolling  point,  or  decomposition  temperature: 

(undarllna  which  teepereture  la  reported) 

18.  Heat  of  Vaporisation:  g-cal./gm BTU/lb. 

19.  Heat  of  Fusion: g-cal./gm BTU/lb. 

20.  Melting  point  93.9 


Page  jJi 
Appendix  A 

CONFIDENTIAL 


CONFIDENTIAL 


Report  No,  590 

SPIA.,4^ 


31.  Freezing  point  vs.  Time  Curve:  (PImm  aark  th*  eoon^lnatat  with  teal*  vwluaw  that  aoplj  to  tb€  cospouiid 

uodor  otu^w) 


Apparatus  of  W.  y,  a 
Smit,  Dissertation,  ^ 
Amsterdam  (19U6)  K 


TIME»  see 


22.  Solubility  at  new  compound: 

<0.01  j 


<0.01 g/100  ml  HeO  at  2St.  

87 g/lOO  ml  Acetone 

(oeaa  aeteriel  uead  aa  eolawnt) 

1.6It g/100  ml  Toluene 

(new*  mter'aJ.  ne«d  a*  •o'^Taet} 
2-^.  Viscosity  of  the  new  compound  and  Us  solutioas: 


g/100  ml  H2O  at 


NEW  CC»d POUND 

wt.  i 

Id  aolutloe 
100 


SOLVENT 

ROB 


vxscoemr  et  temp,  method  used 


Centloolsee 


rwferwsee 
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25. 


26. 


27. 


28. 


Under  como>t»bi llty  »e  are  "onsldarlr.ir  the  ability  of  t»o  ronrxTiinda  to  be  in  lnll«ete  contact  (Note 
ObhD  ?758  p,  Pl-22)  OTer  a lonp  period  of  tltoe  eithout  artaerae  effects  on  either  the  chemical  cr  ohjaical 
orooertlea  of  either  material,  ^heae  teats  «111  orobebly  be  of  varied  artaot.  Tbay  mlf'ht  be  acme  of 
the  folloalnf;i  (a)  Standard  stability  testa,  (b)  Slmole  obsemitlons  of  'rudatloo  or  separation  at 
ambient  or  accelerated  taaoerat'ira.  (c)  Prepare  thin  sheats  (.025*  thick,  1"  aqumra)  of  the  plcaticlsed 
Mterlal.  Sererata  the  ahecte  with  strloa  of  cl(?arette  paper  or  carbon  paper  and  coa'press  the  slack  In 
a •T*  clamp.  After  aeverwl  days  nota  the  oily  collection  on  the  paper.  Please  plve  relerenca  to  oi 
describe  procedure  uaad.  Item  la  to  Indicate  results  when  tho  coeioouiid  Is  In  contact  with  some  iiaterl- 


si  other  than  ethyl  cellulose,  nitrocellulose  or  rubber.  Tost 

and  standard  cr.tstance  in.  a corr.'.an  scivn/.t.  dr/in 
exarin..in.,5  the  resultin,-'  fiiTi  for  claritv  and  nor. 

CoiTipatabllitv  with  ethyl  cellulose: 

T-erfojT.ed  bv  di.ssolvin;;  .ssnsnle 
i\  raridJ.y  cn  a giacs  ;,j.ate,  a"(i 
ofeneity.  ' ' 

Com patablllty  with  nitrocellulose:  Ratio. 

vrt  !1G 

UW.  j 'ft* 

5tr/5t; 

Cujr.patil.Jf; 

3U77!d 

'Joir.ratil  le 

2'-'/  uG 

Compatible 

'iC/hC 

Compatible 

3C/ 2C 

Inconr^tible 

Compatablllty  with 

29.  Polymerising  properties  of  the  new  compound: 

(a)  By  Itself 

(b)  In  mixtures  ("Uh  additives! 

(c)  InhlbltL’ig  action  on  polymerization  of: 

Thlokol 

Methacrylate  

Other  compounds 

30.  Availability 

a.  Amount  now  available?  Research  quantities. 

b.  When  wap  available  material  first  prepared? 

c.  Amount  prepared  at  that  time? 

d.  Is  large  production  feasible? 

e.  Plant  capacity  In  exlstance,  lbs /day? 

f.  Outline  steps  for  a quantity  producUon  method 


tl.  Additional  information:  (tcrtcityj  hatards,  datwrlorstlon,  oxy^an  bslancs,  detonation  rata,  explomlva 

power,  sasa  of  hydrelyala  by  water,  etc.  List  raferencss,  raoorta,  data  booka,  etc.  that  refer  to  tbw 
coapouad.) 
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